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ABSTRACT

During the period 1 February 1968 to 1 July 1971, the R/V Dan Moore occupied
1,038 trawl stations from Cape Romain, South Carolina, to Cape Charles, Virginia,
in depths of 3 to 300 fathoms. A total of 9,734 anadromous fishes was collec-
ted. Striped bass (Morone saxatilis), blueback herring (Alosa aestivalis), and
a few hickory shad (Alosa mediocris) were found between Cape Lookout and the
North Carolina/Virginia border. American shad (Alosa sapidissima) and alewife
(Alosa pseudoharengus) were taken from Hatteras Inlet and from Wimble Shoals,
North Carolina, to Cape Charles, Virginia. Two species of sturgeon, Acipenser
oxyrhynchus and Acipenser brevirostrum, were collected mainly between Cape Look-
out and North Carolina/Virginia border. Definite seasonal differences in
abundance were noted in the ocean off North Carolina. Anadromous fishes were
most abundant from December through March. Few anadromous fishes were collected
in depths of more than 20 fathoms. Scale analyses of 290 striped bass, 134
American shad, 76 blueback herring and 50 alewife indicated these fish ranged
from 2 to 15,2 to 11, 2 to 8, and 4 to 8 years old, respectively. Growth and
size relationships were also determined. The peak annulus formation for striped
bass, probably occurs in early December. A total of 3,147 anadromous fishes

was tagged. As of 1 November 1971, no tags had been returned from any of the
1,204 clupeids tagged. Tag returns from the 187 tagged Atlantic sturgeon indi-
cated a seasonal migration southward during November-January and northward after
January. A total of 1,752 striped bass was tagged. As of 1 November 1971, 197
tags had been returned. Tag returns indicated that striped bass overwintering
off the North Carolina coast enter Pamlico and Albemarle Sounds, and move north-
ward along the Atlantic coast to Maine during the spring and summer. An annual
fishing mortality rate of 35 percent for striped bass was projected from the 3.6
percent mean monthly rate. Stomach analyses indicated that striped bass remain
‘active and opportunistic feeders during the winter. Adult American shad -at
fish, sometimes to the extent that they can be considered a major food it 'm.
Juvenile American shad feed occasionally on anchovies. The mean fecundit of

35 striped bass was 2,462,372. The mean fecundity of 43 American shad ws
281,137. Examination of the gonads of striped bass, American shad, bli-.uack
herring and alewife revealed a predominance of female striped bass, American
shad, alewife and male blueback herring in the ocean off North Carolina. Sampl-
ing among foreign fishing vessels revealed that the East Germans and others were
taking anadromous fishes off the North Carolina coast. Offshore and Chowan
River samples of blueback herring and alewife were compared, and similarities
and differences were noted utilizing age class composition and length-weight
relationships. ' ‘




INTRODUCTION

Anadromous fishes constitute an important part of the annual North Caro-
lina finfish landings. These fishes, particularly striped bass (Morone saxa-

tilis), American shad (Alosa sapidissima), hickory shad (Alosa mediocris), and

river herring (Alosa aestivalis and Alosa pseudoharengus) are caught in the

ocean, estuaries, and freshwater streams by a variety of commercial gear includ-
ing otter trawls, gill nets, pound nets, purse seines and haul seines. The At-

lantic sturgeon (Acipenser oxyrhynchus) and the shortnose sturgeon (Acipenser

brevirostrum) have minimal local commercial value at present and are caught
only incidentally to other fisheries.

Some research has been conducted on American shad in North Carolina, par-
ticularly in Neuse River (Walburg, 1957) and Cape Fear River (Davis and Cheek,
1967; Nichols and Louder, 1970). Striped bass have been studied extensively in
Roancke River (McCoy, 1959; Cheek, 1961; Hassler, Hogarth and Liner, 1967; Trent
and Hassler, 1968; Hassler and Hogarth 1970)., Juvenile river herrihg have been
collected in Cape Fear River (Davis and Cheek, 1967). These studies have been
concerned with adult fish, eggs, lafvae, or juveniles. Except for the striped
bass studies by Chapoton and Sykes (1961) and Clark (1968), and Netzel and Stanek
(1966) on river herring, little is known about anadromous fishes between the time
they leave the river systems as juveniles and return later as adults to spawn.

The commercial fisheries for anadromous fishes in North Carolina have
traditionally been located in the estuaries and inland rivers. Beginning in
1967, however, a trawl fishery for striped bass developed in the ocean along
the outer banls from Oregon Inlef north to the North Carolina/Virginia border.

In 1968, the State of North Carolina, utilizing its new 85-ft. -exploratory
fishing vessel, the R/V Dan Moore (Figure 1), with the support of the U. S. Bu-

reau of Commercial Fisheries (now the National Marine Fisheries Service), began






a three-year survey of anadromous fishes along the coast of North Carolina.

The first segment of the project, reported by Sterling and Godwin (1970), was
conducted from 1 February 1968 to 30 March 1969 and was concerned mainly with
gear testing, location of concentrations of anadromous fishes along the coast,
and tagging. The second segment, reported by Holland and Street (1970), was
conducted from 1 April 1969 to 31 March 1970 and continued the tagging and ex-
ploratory programs and expanded the survey of biological data (length, weight,
fecundity, food habits). The third and final segment, conducted from 2 June
1970 .to 31 August 1971, continued all the above and expanded the exploratory
program offshore to monitor the possible effects of foreign fishing on anadro-
‘mous species. In addition, an estuarine program on anadromous species in Al-
bemarle Sound and its tributaries was initiated during the third segment to de-
termine if, in fact, any relationships existed between anadromous fishes caught
in the ocean off North Carolina, and those caught in the North Carolina estua-
ries. All field work was terminated 30 June 1971. The estuarine program will

be expanded in the future to complement a continuing effort offshore.



STUDY AREAS

Offshore Study Area

The coastal area of North Carolina and adjacent states was divided into
four major sampling areas: Area I extended south from Cape Fear, Area II from
Cape Fear to Cape Lookout, Area 111 from Cape Lookout to Cape Hatteras, Area IV
from Cape Hatteras nérthward. Sampling was conducted from just outside the surf

zone to depths of 300 fathoms (Figures 2 and 3).

" Inshore Study Area

The inshore study area is shown in Figure 4. Albemarle Sound is approxi-
mately 60 miles long (east-west), up to 15 miles wide (north-south), and about
500 square miles in area. The eastern end of the sound is slightly brackish
with salinities up to 1.8 éarts per thousand recorded. The western portion of
the Albemarle Sound is essentially fresh water. Maximum depth of the sound is
“about 25 feet.

Alligator and Séuppernong Rivers enter Albemarle Sound from the south. Both
are typical black water streams dra.ning large éwamp area. Roanoke River, which
enters the western end of Albemarle Sound, is one of North Carolina's largest
fivers. Its headwaters lie in the upper Piedmont. Itfiowsalong much of the
Virginia/Noréh Carolina border before turning south to Albemarle Sound., The
lower reaches of the river drain extensive swamps. Chowan River also enters
the western end of Albemarle Sound. It originates near the Virginia border and
flows south through extensive swamps before entering the sound. Perquimans,
Little, Pasquotank, and North Rivers are all relative short, wide rivers which

drain large swampy areas before entering Albemarle Sound from the north.
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METHODS AND PROCEDURES

Qffshore Sampling Methods

During the first segment (1968-1969 season), several types of sampling
gear were emplo&ed: a 68-ft. double-rigged shrimp trawl and a #41 Yankee trawl
with a 72-ft. headrope and a 90-ft. sweép (Figure 5). Other gears employed to
suppfement the trawl data were ocean gill nets appro%imately 240 yards long
which were fished vertically from the surface to depths of 60 fathoms. The
net panels were composed. of mesh sizes ranging from 2 3/4 inches to 9 inches
stretched mesh. The nets, totalling approximately 1 1/2 miles in length, were
set and retrieved from hydraulically operated seine drums aboard the R/V Dan
Moore. All gears were eventually discontinued, however, during the first seg-
ment except the #4l Yankee trawl which proved to be the most effective for cap-
turing anadromous fish. It was utilized throughout the two succeeding segments.
During the second segment (1969-1970 season), a midwater trawl (Figuré 6), with
a 53-ft. headrope that opened 33-ft., was obtained late in the study period
and fished experimentally during March 1970, During the third or final seg-
ment (1970-1971 season), a #36 Yankee trawl (same as #41 Yankee trawl but hav-
ing a 62-ft, headrope and an 80-ft. sweep), an Irish 3-bridle trawl (Figure 7)
with a 148-ft, headrope and a 178-ft. sweep, and the midwater trawl mentioned
above, were utilized in addition to the #41 Yankee trawl. Bracket doors
(8 1/2 x & 1/3 ft.) and ground cable of various lengths were used in conjunc-
tion with all trawls except the midwater trawl. Steel suberkrub doors ( 8 x
3 1/2 ft.) were used in conjunction with the midwater trawl. The #36 and #41
Yankee trawls were most effective in the inshore (3-10 fathoms) and midshore
11-20 fathoms) zones. The midwater trawl was most effective in the midshore
and offshore (21 to 300 fathoms) zones and the Irish 3-bridle trawl was ef-

fective in all three zones.
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In an attempt to locate offshore concentrations of anadromous fishes and
to increase chances of locating foreign fishing activity, transects were con-
ducted every 20 minutes of latitude, from 2 to 100 fathoms offshore, from just
north of Cape Charles, Virginia to Cape Romain, South Carolina. These transects
were conducted, during both day and night hours, on a round-the-clock basis.
Electronic fish detecting equipment was monitored continually during and be-
tween sample stations. '

Tows varied from 5 to 120 minutes although most tows were 30 minutes or
less. The longer tows were usually of an exploratory nature, in areas where
anadromous species were not previousf& known., Most of the shorter tows (usu-
ally 10 or 15 minutes) were made in areas of known concentrations of anadromous
fishes to capture healthy fishes for tagging.

Captured fish were placed in 350-gallon fiberglass tanks supplied with
running seawater. Fish too small or too weak for tagging were either frozen or
preserved in 10 percent formalin for later study.

Anadromous fishes in random samples were sexed, measured, weighed and aged

]

. from scale samples. These data were used to determine sex ratio, length-fre-

quency distribution, length-weight relationships and age composition.

Inshore Sampling Methods

Trawling was conducted from the Division of Commercial and Sports Fish-
eries vessel Cape Fear (June), using a 25-ft. two-seam shrimp trawl, an experi-
mental three-bridle trawl with a 32-ft. headrope, a 24-ft. crab trawl, and a
5-ft.. plankton net with ! mm mesh. The three-bridle net was used simultaneously
with the shrimp trawl in Pasquotank River (3 samples) and Little R;ver.(l sam-
ple). The plankton net was used to check for larval fish between Plymouth
and the mouth of the Roanoke River. Towing time for.all gear ranged from 5

to 30 minutes.



Samples of alewife and blueback herring collected from 1 March 1971
through 4 May 1971 at Tunis, on Chowan River, were taken from unculled catches
from a series of seven pound-nets operated by local fishermen. These fishes
were measured, weighed, aged, and sexed to determine if, in fact, a rela-
tionship exists betWeen fishes caught in the ocean off North Carolina and those

caught in the Chowan River.

Tagging Methods

Only captured anadromous fishes which appeared vigorous after spending
several minutes in holding tanks were tagged. Striped bass and sturgeon were
tagged with FT-1 Floy dart tags, while all other anadromous species were tagged
with Floy FT-2-dart tags and FD-67 anchor tags. The station number, location,
date, tag number, length, and weight were recorded for all tagged specimens
prior to their release.

Rewards of from $1.00 to $25.00 were offered for the return of tags and
information concerning the capture of tagged fish. Posters describing the
tagging program were distributed along the Atlantic coast, and articles were
submitted to vérious newspapers to further publicize the program. The monthly
"Tar Heel Coast', a Division newsletter, also featured information concerning
the tagging program, placing particular emphasis onvmentioning the names of

persons who returned tags.

Food Habit Analysis

Efforts were made offshore to obtain stomachs of striped bass, American

shad, hickory shad, blueback herring, and alewife.
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During the first segment of the study, stomach contents of 50 striped
bass, most of them under 2.3 kilograms in weight, were examined. During the
second segment, contents of 50 striped bass stomachs (all but two from fish
weighing more than 2.3 kilograms) and 19 American shad stomachs (4 adults and
15 juveniles) were examined. During the final segment, 52 striped bass stomachs
(all but six from fish weighing more than 2.3 kilograms) and 41 adult American
shad, 16 blueback herring, and 11 alewife étomachs were examined. During the
three-year study, 48 adult Hickory shad were captured, tagged and released.

During the first and second segments, stomachs were wrapped in cheese
cloth, labeled, and placed in gallon jars containing 10 percent formalin. The
stomach contents were examined and identified in the laboratory. During the
second segment, food organisms were recorded by frequency of occurrence, weight,
and volume. During the third segment, stomachs were not preserved and the con-
tents were examined and identified while still fresh in order to make identi-
fications of smaller invertebrates and fishes which might have been present,

but might have deteriorated even after being preserved. °

Fecundity

From offshore North Carolina, 35 female striped béss, ranging from 5.4 to
19.0 kilograms, and 43 female American shad, ranging from 1.0 to.2r3 kilograms,
were selected for fecundity analysis. Ovaries from alewife and blueback herring
were taken during February and March of 1971, but ova proved too immature to
accurately estimate fecundity.

The fish were weighed and aeasured prior to removal of the ovaries. Scale
samples were taken for age determination. The ovaries were wrapped in cheese
cloth, labeled, and fixed in 10 percent formalin prior to ova counting.

In the laboratory, the ovaries were patted as dry as possible with paper

towels and weighed to the nearest .0l gram. Fecundity of striped bass was
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determined by procedures similar to those of Jackson and Tiller (1952). Fe-
cundity of American shad was determined by procedures similar to those of Leh-
man (1953) as modified by Davis (1957). A one-gram sample, including some mem-
brane, was removed from the center portion of each of the two ovaries and an
actual total ova count for each one-gram sample was taken. Each sample was
placed in a small Syracuse watch glass, teased apart, and counted under a dis-
secting microscope. Mature ova were differentiated from anlagen on the basis
of size and appearance (Jackson and Tiller, 1952; Merriman, 1941; Lehman, 1953).
Total estimated fecundity was computed by calculating the number of ova
per gram for each ovary, then multiplying that value by the weight of the re-
spective ovaries. The estimated fecundities of the right and left ovaries were

then added to obtain the total estimated fecundity.
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RESULTS AND DISCUSSION

Sampling

During the field activities of the project study period (1 February 1968
through 30 June 1971), 1,038 trawl stations and 10 ocean gill net stations
were taken from near Cape Romain, South Carolina, to a few miles north of Cape
Charles, Virginia (Figures 2 and 3). All successful stations during the first
and second segments were taken with a #41 Yankee trawl except six stations in
March 1970, sampled with an experimeﬁtal midwater trawl. During the third seg-
ment, all successful stations sampled with a #41 or #36 Yankee trawl were from -
3 to 20 fathoms, with a midwater trawl from 21 to 300 fathoms, and with an
Irish 3-bridle trawl from 3 to 100 fathoms. Along with the seven species of
anadromous fish, large concentrations of other species were found in the study
area. The following were numerous in samples over 80 fathoms in depth: Smooth

dogfish (Mustelus canis), spiny dogfish (Squalus acanthias), silver hake (Mer-

lucciusg bilinearis), goosefish (Lophius americanus), four-spot flounder (Para-

lichthys oblongus), and butterfish (Peprilus triacanthus). )

Concentrations of planehead filefish (Monacanthus hispidus), scup (Steno-

tomus chrysops), northern searobin (Prionotus carolinus), Atlantic mackerel

(Scomber scombrus), and round herring (Etrumeus teres) were found in the mid-

depths, 20 to 80 fathoms. Samples taken from the surf zone out to 20 fathoms re-

sulted in large catches of spiny dogfish, bluefish (Pomatomus saltatrix), sum-

mer flounder (Parlichthys dentatus), butterfish, orange filefish (Aluterus

schoepfi), striped anchovy (Anchoa hepsetus), Atlantic herring (Clupea harengus

harengus), goosefish and various Sciaenidae, chiefly spotted sea trout (Cynoscion:

nebulosus), weakfish (Cynoscion regalis), spot (Leiostomus xanthurus), Atlantic

croaker (Micropogon undulatus), silver perch (Bairdiella chrysura), and red

drum (Sciaenops ocellata).

During the first segment of the study, 3,661 adult anadromous fishes and

472 juveniles were captured in 222 trawl samples. Only 8 adult American shad,

\
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8 shortnose sturgeon, and 5 Atlantic sturgeon were taken. An additicnal 66 ju-
venile American shad were included in the catches. Catches of striped bass to-
talled 1,180 fish. Blueback herring catches contained 649 adults and 352 ju-
veniles. Also included were 1,808 adult and 54 juvenile alewife. Only three
adult hickory shad were caught.

Overall catches of anadromous fishes were considerably less during the se-
cond segment. A probable explanation is that sampling during the second segment
was spread over a larger area in an attempt to learn more about the distribu-
tion of anadromous species.

During the second segment, 984 anadromous fishes were captured in 459 trawl
saﬁpleé: 467 striped bass, 37 American shad (11 adults and 26 juveniles), 2 hick-
ory shad, -238 blueback herring (197 adults and 41 juveniles), 148 alewife (29
adults and 119 juveniles), 91 Atlantic sturgeon, and 1 shortnose sturgeon.

During the third segment, 4,617 anadromous fishes were captured in 357
trawl samples: 894 striped bass, 355 American shad, 1 shortnose sturgeon, 94

Atlantic sturgeon, 2,863 blueback herring, 365 alewife, and 43 hickory shad.

Coastal Distribution

As indicated by data in Tablés 1, 2 and 3, and Figure 2, anadromous spe-
cies appear to be concentrated in Areas ILI and IV. No anadromous fishes were
taken in Area 1. ZExcept for one small Atlantic sturgeon captured near Wrights-
ville Beach (about 25 miles north of Cape Fear), all anadromous fishes taken in
Area II came from Bogue Inlet east to Cape Lookout. Only small catches of At-
iantic sturgeon (3), shortnose sturgeon (5), blueback herring (20), and hickory
shad (1) were taken in this area. Although sampling indicated few anadromous
fishes were present in Area II, occasional commercial catches of anadromous spe-
cies, principally Atlantic sturgeon, have been made in the area. In April, 1968,

64,000 pounds of Atlantic sturgeon were taken in gill nets fished near Bogue Inlet.*

*unpublished data from Ntl. Mar. Fish. Ser., Br. of Statistics, Beaufort, N.C.
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.

Approximately 99.6 percent of the anadromous fishes‘collected during the
three-year study were taken in Area IIT (31.2%) and Area IV (68.4%). Several
contrasts may be noted between the results obtained from these areas during the
first (1968-1969 segment), sgcond (1969-1970 segment), and third (1970-1971 seg-
ment). During the first segment, 99 percent of the anadromous catch came from
Area 1V, during the second segment 57.2 percent, and during the third segment
46.1 percent. However, less than one percent of the 1968-1969, 41 percent of
the 1969-1970, and 53.8 percent of the 1970-1971 catch came from Area IILI.
Striped Bass

During the 1969-1970 segment more than 55.5 percent of the striped bass
captured came from Area III. Striped bass were found along the beach through-
out the entire area from Cape Lookout to Cape Hatteras. The greatest concen-
tration was found off Portsmouth Island (south side of Ocracoke Inlet) where
179 striped bass were captured. Only two striped bass were captured in all of
Area TII during 1968-1969 and 62 (7%) during the 1970-1971 segment. During the
first segment 99 percent, and the third segment 93 percent, of the striped bass
captured came from Area IV. The catches were distributed from Cape Hatteras to
False Cape with the largest concentrations coming from False Cape, Currituck
beach, Oregon Inlet, and Chicamacomico.

Atlantic Sturgeon

Almost 93 percent of the total Atlantic sturgeon catch during the second
segment and 11 percent during the third segment came from Area III. The remain-
ing 89 percent of the Atlantic sturgeon during the third segment, and all the
Atlantic sturgeon during the first segment, were caught i Area IV. The other
Atlantic sturgeon taken during the second segment were caught in Area II (37%)
and Area IV (47). All the fish caught in Areas III and IV were evenly distri-

buted along the beach.
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Alewife and Blueback Herring

During the first segment, two blueback herring and no alewife were caught
in Area I1I. During the second segment 27 blueback and 27 alewife were caught
in Area II1. However, during the third segment, 2,258 (797) of the blueback
herring, and 150 (41%) of the alewife were captured in Area ITI.

In the first segment, 647 (99%) of the bluebacks, and 1,808 (1007) of the
alewife were captured in Area IV. In the second segment, {58 (847) of the blue-
back herring and 121 (827) of the alewife were captured in Area IV. (In the se-
cond and third segment, 5% and 0.27% of the blueback herring, respectively, were
captured in Area 11). Hoﬁever, only 600 (217) and 215 (59%) of the blueback
herring and alewife, respectively, were caught in Area IV during the third seg-
ment study.

| Most of the blueback herring and alewife taken in Area III during the
first and second segments were captured from Cape Hatteras Bight to Hatteras In-
let. During the 1970-1971 study, the 2,258 blueback herring and 150 alewife
were caught in two tows in Hatteras Bight. During the first two segments blue-
back herring were also caught off Core Banks 5-15 nautical miles north.of Cape
Lookout.

In Area IV, the herring were caught from Wimble Shoals to Cape Henry with
the hajority caught amid foreign fishing fleets 15-30 miles east of Currituck .
Beach. |

American Shad

During the third segment (1970-1971), catches of American shad were essen-
.tially in Area IV, as 346 of the total 355 were caught at Oregon Inlet.

Catches of élupeids were inconsistént (2,258 blueback herring in two tows
in 1971, 346 American shad in two tows in 1971, and 1,808 alewife in ten tows in
1969). The probable reason for the inconsistency in catches was the schools

‘were not evently distributed where fishing effort was applied.
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Depth Distribution

The study area was divided into three depth zones: inshore (0-10 fathoms),
midshore (11-20 fathoms), and offshore (21-300 fathoms). Depth distribution
data collected during each year of the study agreed closely. Approximately 94
percent of the anadromous fishes taken during the three-year study were col-
lected from the inshore zone (Tables 4, 5 and 6).

Striped bass were found exclusively in the inshore zone. Only one hickory
shad and one Atlantic sturgeon were found outside the inshore zone and both were
captured in the midshore zone during the first segment of the study.

Approximately 97 percent (390) of the American shad captured were found
in the inshore zone, with 353 captured at Oregon Inlet during the third segment.
Only three were found in the midshore zone and seven in the offshore zone.

Almost 87 percent (3,252) of the blueback herring captured were found in
the inshore zone. Approximately 13 percent (496) were captured in the midshore
zone during the third segment 15 miles east of Currituck Light, North Carolina
among the East German fleet. Only two had been captured previously in the mid-
shore zone, and these were taken during the second segment in 13 fathoms of

~water off Wimble Shoals, North Carolina.

Approximately 98 percent (2,271) of the alewife céptured were found in
the inshore zone; Almost 80 percent of these were captured during the first
segment as far south as Wimble Shoals and north to the mouth of the Chesapeake
Bay. Forty-nine were captured in the midshore zone, during the third segment
15 miles east of Currituck Light among the East German fleet. One was also
captured in the offshore zone during the second segment.

During the second segment, the few American shad, blueback herring and
alewifé'captured in.the offshore zone were taken at depths of 83 to 129 fathoms
off the mouth of Chesapeake Bay (Area IV). Encountering these species at si-

milar depths has been noted before (Netzel and Stanek, 1966), but not as far
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south. The collection of these fish in the offshore area probably has little
‘commercial significance since so few were found; however, it does provide some

information as to where these species might be found between spawning migrations.

Seasonal Distribution

Sampling was conducted from December 1968 to March 1969 during the first
segment, in April 1969 and from August 1969 to March 1970 during the second seg-
ment, and in June 1970 and from October 1970 to June 1971 during the third seg-
ment (Tables 7, 8, and 9).

Anadromous fishes were collected in December 1968 and January through
March 1969 during the first segment, in April 1969 and November 1969 throﬁgh
March 1970, during the second segment, and October 1970 through April 1971 and
again in June 1971 during the third segment (Tables 7, 8, and 9).

Sufficient quantities of five of the seven species were taken to indicate
seasonal abundance (Tables 8 and 9). Approximately 99 percent of the total ana-
dromous fishes collected during the second and third segments were taken from
November through March, with 65 percent of the total taken du?ing March alone.
This information is not available from Sterling and Godwin (1970) for the ini;
tial segment.

Strigea Bass

Striped bass were present in North Carolina sounds, particularly Albemarle
Sound, throughout the year (North Carolina Landings, 1960-1971).* However, the
occurrence of striped bass in the ocean appears to be of a seasonal nature. Col-
lections made during the periods outlined in Tables 7, 8, and 9 resulted in striped

bass taken as early as mid-November 1971 and through March of all three segments.

*Published and unpublished data from National Marine Fisheries Service, Branch
of Statistics, Beaufort, N.C.
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Table 7.-—Seasonal distribution and percent of samples taking fish from offshore
anadromous fish stocks, North Carolina, 1968 - 1969*

December January February March
Species : (18 samples) (35 samples) (36 samples) (70 samples)
Striped bass
(Morone saxatilis) 11.2 34.3 50.0 15.8
American shad
-(Alosa sapidissima) 0 0 2.9 A
Shortnose sturgeon
(Acipenser brevirostrum) 11.2 2.9 2.9 0
Atlantic sturgeon
(Acipenser oxyrhynchus) 5.6 0 0 0
Blueback herring
(Alosa aestivalis) 0 0 5.7 1.5
Alewife .
{Alosa pseudoharengus) 0 2.9 © 36,2 33.0
Hickory shad
(Alosa mediocris) 5.6 0 ‘ 2.9 0

* From Sterling and Godwin (1970)
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Table 8.--Number of anadromous fish captured and percent of samples taking anadromous
fish by months, offshore North Carolina 1969 - 1970

APRIL AUGUST SEPTEMBER OCTOBER NOVEMBER
76 samples 22 samples 46 samples 25 samples 30 samples
Tot. Per- Tot. Per- Tot. Per- Tot. Per- Tot. Per-
Species k fish cent fish cent fish cent fish cent fish cent
Striped bass :
(Morone saxatilis) 0 0 0 0 0 0 0 0 0 0
American shad
(Alosa sapidissima) 3 3.9 0 0 0 0 0 0 2 3.3
Shortnose sturgeon :
(Acipenser brevirostrum) O 0 0 0 0 0 0 0 0 0
Atlantic sturgeon
(Acipenser oxyrhynchus) 0 0 0 0 0 0 0 0 2 6.7
Blueback herring
(Alosa aestivalis) 4 2.6 0 0 0 0 0 0 0 0
Alewife
(Alosa pseudoharenpgus) 1 1.3 0 0 0 0 0 0 0 0
Hickory shad
(Alosa mediocris) 0 0 0 0 0 0 0 0 0 0
8 4
DECEMBER JANUARY FEBRUARY MARCH
30 samples 83 samples 94 samples 53 samples
Tot. Per- Tot. Per- Tot. Per- Tot. Per-
Species fish cent fish cent fish cent fish cent
Striped bass
(Morone saxatilis) 153 43.3 55 22.7 217 40.4 42 5.7
American shad :
(Alosa sapidissima) 4 3.3 1 1.2 27 7.4 0 0
Shortnose sturgeon _
(Acipenser brevirostrum) 0 0 1 1.2 0 0 0 0
Atlantic sturgeon
(Acipenser oxyrhynchus) 1 3.3 30 22.9 48 18.1 10 13.2
Blueback herring
(Alosa aestivalis) 1 3.3 3 3.6 33 19.2 197 15.1
Alewife
(Alosa pseudoharengus) 1 3.3 9 7.2 136 24.5 1 1.9
Hickory shad
(Alosa mediocris) 0 Y 1 1.2 0 0 1 1.9

160 - 100 461 251
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Table 9.-—Number of anadromous fish captured and percent of samples taking anadromous
fish by months, offshore North Carolina 1970 - 1971

JUNE OCTOBER NOVEMBER DECEMBER JANUARY
16 samples 44 samples 50 samples 70 samples 54 samples
Tot. Per- Tot, Per- Tot. Per- Tot. Per- Tot. Per-
Species fish cent fish cent fish cent fish cent £fish cent
Striped bass
(Morone saxatilis) 0 0 0 0 104 42.0 517 54.3 122 24.1
American shad N
(Alosa sapidissima) 0 0 0 0 0 0 0 0 6 5.6
Shortnose sturgeon
(Acipenser brevirostrum) 0 0 0 0 0 0 1 1.4 0 0
Atlantic sturgeon .
(Acipenser oxyrhynchus) 0 0 2 2.3 25 22.0 52 27.1 6 9.2
Blueback herring o
(Alosa gestivalis) 0 0 0 0 0 0 0 1.4 49 29,6
Alewife o S
(Alosa pseudoharengus) 0 0 0 0 0 0 0 0 0 0
Hickory shad . _ . S
(Alosa mediocris) 0 0 0 0 3 6.0 0 0 16 9.2
2 132 571 199
FEBRUARY MARCH APRIL MAY JUNE
32 samples 49 samples 5 samples 7 samples 30 samples
Tot. Per- Tot. Per- Tot. Per- Tot. Per- Tot. Per-
Species fish cent fish cent fish cent fish cent fish cent
Striped bass
(Morone saxatilis) 22 25.0 129 46.9 0 0 0 0 0 0
American shad ,
(Alosa sapidissima) 3 6.2 346 18.4 0 0 0 0 0 0
Shortnose sturgeon
(Acipenser brevirostrum) O 0 -0 0 0 0 0 0 0 0
Atlantic sturgeon ' ;
(Acipenser oxyrhynchus) 2 6.2 7 10.2 0 0 0 0 0 0]
Blueback herring
(Alosa aestivalis) 256 3.1 2539 46.9 18 20.0 0 0 2 3.3
Alewife )
(Alosa pseudoharengus) 22 15.6 343 44.9 0 0 0 0 0 0
Hickory shad : '
(Alosa mediocris) 0 0 24 4.1 0 0 0 0 0 0
305 3388 18 2
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Atlantic Sturgeon

Atlantic sturgeon were taken during the first segment only in December.
However, during the second and third segments, Atlantic sturgeon were captured
as early as October of 1970 and from November through March of both segments.
Atlantic sturgeon were most frequent in catches from November through February.

American Shad

Durihg the second segment, five adult American shad were taken in deep
water (83 to 105 fathéms) in April (3) and November (2). 1Inshore samples in
December and January yielded five more adults. All except one of the American
shad taken in February were juveniles spawned during the previous year. How-
ever, during the third segment, nine adults were captured during January and
February and 346 adults were captured in March. From these data, it would ap-
pear that adult American shad were migrating to their fresh wéter spawning areas,
not necessarily in North Carolina, as late as March 1971 during the third seg-

-ment, and jﬁveniles were emigratiﬁg from their nursery areas as late as February
1970 during the secoﬁd segment,
- Alewife

Alewife were taken from January 1969 through March 1969 during the first
segment, in April 1969 and December 1969 through March 1970 during the second
segment, and in February and March 1971 during the third segment. Juveniles,
presumably leaving their inshore nursery areas, predominated in January and
early February 1970, while adults were most frequent during the latter half of
February aﬁd March 1969, 1370 and 1971.

Blueback Herring

Blueback herring were collected during the same months as alewife, and
during the third segment juveniles (2) were captured in June. Adults predominated

all of the blueback herring catches except in June, but were most dominant in

March.
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Growth and Size Relationships

Sufficient numbers of striped bass, Atlantic sturgeon, blueback herring,
alewife and American shad were collected offshore North Carolina to determine
length-weight, length-age, and length-frequency relationships. To complement
the effort offshore, weekly sampling of alewife and blueback herring was conduc-
ted from 17 March through 4 May 1971 on Chowan River ét Tunis. The Chowan River
was selected because it apparently is the most economically important river in

North Carolina with regard to alewife and blueback herring. Also, the river is
a tributary to what is believed to be the most important nursery area for river
herring in North Carolina, Albemarle Sound.

The exponential function W = aLb, described-and discussed by Beverton
and Holt (1957) and used for expressing length-weight and length-age (A = aL?)
relationships, was used in this study. The linear regression equation X = a+bX
was used for expressing all linear relationships.

Length-frequency relationships were plotted for all the species using va-
‘rious size groups-depending on the species maximum length. In addition, curvi-
linear (exponential) and linear fork length-weight, fork length-age, and fork
length-total length (blueback herring only) regressioné were calculated for the
‘species when data were available. The curvilinear relationships gave the best

fit except for the total length-fork length regression which was linear. All
regressions presented in this section are either significant or highly signi-
ficant at the 95 percent level of confidence.

Comparisons using correlation coefficients (r) were made between curvili-
near regressions where mean values (e.g., average length of all 6-year old ale-
wife) and data from individual fish were used in the calculations. The only
cases where the curves differed substantially were in length-age regressions.

The use of mean values gave a much more accurate curve when compared to plots

of actual data. The fork length-age regressions using mean values are presented
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in this section. Throughout this report, all weights are in kilograms (kg)
or grams (g) while fork lengths were recorded in centimeters (em) or milli-
meters {(mm).

Striped Bass - Offshore

Weight (kg) and fork length (cm) were determined for 1,763 striped bass
from February 1968 through June 1971. These fish ranged from 26 to 128 cm and
from 0.45 to 26.3 kg. The length-weight relationship (336) and length-frequency
distribution (1763) are presented in Figures 8 and 9, respectively. The length-
ffequency distribution indicated a peak of 35.0 to 39.9 cm in the 1968-1969 seg-
ment that was not reflected in the 1969-1970 or the 1970-1971 segments. Peaks
of 45.0 to 49.9 and 60.0 to 64.9 cm in Area IV, and 90.0 to 94.9 cm in Area
II1 are indicated for the 1969-1970 segment. The 90.0 to 94.9 cm group dominated
the 1969-1970 segment. The winter haul seine and trawl fisheries on the Outer
Banks fished both of the Area IV size groups, harvesting 134,000 pounds in De-
cember 1969 and 349,000 and 336,000 pounds, respectively, in January and Febru-
ary 1970.* No landings were reported during the same months on the large fish
in Area I1I. The population of "Jumbo' striped bass in Area III appeared to be
essentially unexploited during its stay off the North Carolina coast. While
tag returns indicated a few of these fish were eventually caﬁght by commercial
fishermen during the spawning run in Chesapeake Bay, most of the harvest ap-
peared to be by sports fishermen in the New England states.

Peaks of 55.0 to 54.9, 70.0 to 74.9, and 90.0 to 94.9 cm were evident dur-
ing the 1970-1971 segment. While "Jumbo" stripers were present during 1970-1971,
they were no: as abundant as during the 1969-1970 segment. The 70.0 to 74.9 cm

group dominated the 1970-1971 catch.

*Unpublished data from National Marine Fisheries Service, Branch of Statistics,
Beaufort, N. C.
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A combined three-year sample of 290 striped bass (28.0 to 128.0 cm) was
preserved for detailed biological analyses: length, weight, age, fecundity,
and food habits. These fish ranged from two to fifteen years old. The fork
1ength-age‘relationship data and regression for these 290 fish is presented
in Table 10 and Figure 10, respectively. A plastic impression was made of
scales from each fish and examined repeatedly by two, and sometimes three, in-
dividuals. Only scale samples on which agreement was obtained were used in age
determinations. The length of each fish for each year of growth was obtained
by back-calculation according to the method of Mansueti (1961). The fish used
for this study were caught from November through March.

The extent of annulus formation for 164 striped bass capturéd November
2 through December 15, 1970, was determined. Of the striped bass captured from
November 17-21, only 5.3 percent (3) ﬁad developed an ar.wulus. However, by
December 2-15, 81.3 percent (87) of the striped bass had developed an annulus.
Thus, striped bass apparently develop an annulus from late October early Novem-
ber to late December early January., The peak annulus formation probably occurs
in early Dacember.

Since some would lack as much as 7 months growth on the last year, the
portion of growth'Beyoﬁd the fishes' last annulus was ignored in age-length cal-
culations. The results of scale analysis and back calculation (Table 10)
agree strongly with Mansueti (1961), Merriman (1941), Pearson (1938), and
Scofield (1931). \

Atlantic Sturgeon - Offshore

A total‘of 184 Atlantic sturgeon was weighed (kg) and measured (cm).
These fish ranged from 40.7 to 216,0 cm and from 0.6 to 113.4 kg. The length-
weigh; relationship is presented in Figure 11. The length-frequeﬁcy distribu-
tion (Figure 12) indicates six peaks: 65.0 cm, 80.0 cm, 95.0 cm, 110.0 cm,

120.0 cm, and 135.0 cm. According to the studies in Canada by Magnin (1962,1964),
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Figure 10.—Calculated age - fork length relationship for striped
bass, offshore North Carolina, 1968 - 1971.
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fish of these sizes would be approximately 7-8, 9-10, 11-12, 13-14, 15-16, and
17-18 years old respectively. It is probable, however, that North Carolina
fish were acﬁually somewhat younger than indicated since Mangnin's work was
done in Canada where the fish have a much shorter growing season than in the
latitudes of North Carolina. However, no age and growth studies have been con-
ducted on sturgeon in the middle Atlantic area to support or deny this supposi-
tion.

American Shad - Offshoré

A total of 202 Awmerican shad was weighed (kg) and measured (cm). These
fish ranged from 8.8 to 54.7 cm and from 0.01 to 2.72 kg. The length-weight re-
lationship is presented in Figure 13.

The length frequency distribution (Figure 14) indicates two peaks: 10.0 to
14.9 em and 45.0-49.9 cm. These peaks represent fish of 1-2, and 5-9 years old
respectively.

A sample of 134 American shad (17.0 to 54.7 cm) was preserved for detailed
biological analyses: length, weight, age, fecundity and food habits. Age was
determined from scale samples mounted on glass slides. The number of annuli,

~spawning marks, and age were recorded for the shad and other clupeids using the
criteria and methods established by Cating (1953). The scales were always ex-
amined by a minimum of two individuals, and only scales on which agreement was
reached were used in age determinationsg. Scale analysis of shad indicated that
the fish ranged from 2 to 11 years old, with 80.6 percent falling within the 5-7
year-old range (Table 11), similar to the findings of Walburg and Nichols (1967)
for the Delaware and Connecticut Rivers. The data for the relationship between
age and fork length are indicated in Table 12 (mean length per age group) and
expressed graphically in Figure 15. The mean values from Table 12 are plotted

in Figure 15. Even though comparison between these data and the other sources
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Figure 15.-—Fork length - age relationship for American shad sexes
combined, offshore North Carolina 1970 - 1971.
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listed in Table 12 is available only for the 4-6 year range, these data corres-
pond closely with.others.

As indicated by data in Table 11, 71.7 percent of the captured shad had
spawned previously, with 3 percent having as many as four spawning marks. This
is not typical in North Carolina where repeaters have been found to comprise
only three percent of the Neuse River spawning population (Walburg, 1957).

Since a higher perceﬁtage of repeaters are found north of North Carolina (27%
James River and 497 Connecticut River as reported by Walburg and Nichols, 1967),
it is likely these shad probably would have spawned north of North Carolina.
However, 90 percent of the shad captured offshore were taken om two consecutive
days at Oregon Inlet, probably from the same scﬁool. The shad may have been mi-
grating inshore by age classes and the school sampled composed primarily of
older fish. This could explain the large percentage of repeaters, and the high
percentage of 5-7 year olds. Also, as indicated by data in Table 11, 52.1 per-
cent of the American shad spawned the first time at age 5 and 21.9 percent at
age 4 and 6.

American Shad - Chowan River at Tunis

A total of 47 American shad was weighed (kg) and measurea (cm). These
fish ranged from 34.5 to 50.1 cm and from 0.60 to 2.47 kg. Insufficient num-
bers of American shad were captured to give an aécuraté length-weight relation-
ship or length-ffequency distribution. A total of 34 American shad scale sam-
ples were suitable for age determinations. The shad were 5-7 years old (Table
11). This age range did not agree with any literature where 4-6 years was the
dominant range. The 5-7 year range does tend to agree.with the range found
offshore North Carolina. However, no aefinite correlation can be drawn from
34 fish. For this reason, age class, mean lengths, or age-length regressions
were not calculated.

Five American shad, 14.7 percent of the 34 American shad scales suitable

for age determination were repeaters (Table 11). Since the Neuse River to the
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south had 3 percent repeaters, and James and York Rivers to the north had 27

and 24 percent repeaters respectively (Walburg and Nichols 1967), 14.7 percent
repeaters for Chowan River would be expected. Table 11 also indicates 74.5 per-
cent of the shad spawned the first time from ages 4-6. This was similar to shad
caughtvoffshore. However, 26.5 percent4spawned the first time at age 7; No
other river system listed in Walburg and Nichols (1967) had this large a percent-
age of 7 year old fish5 Since the sample was small, larger samples need to be
examined before more conclusive statements can be made concerning the growth

and spawning of American.shad on Chowan River, North Carolina..

Alewife - Offshore

Weight (g) and fork length (mm) were determined for 287 alewife from
1969-1971. These fish ranged from 72 to 305 mm ana from 5 to 454 g. The length-
Weight relationship is‘shoﬁn in Figure 16. The length—frequgncy distribution
(figure 17) indicates a peak of 120-129 mm in 1969-1970 and a peak'of 250-269 mm
in 1970-1971. These two peaks would represent 1 and 5-7 year old fish, respec-
tively. The one-year-old alewife were caught in the ocean and were probably
leaving the nursery areas for the fifst time. However, the 5-7 year olds were
caught February through Mérch just prior to their spawning run (5-7 year range
agrees strongly with Marcy, 1969).

~In 1970-1971, a sample of.SO alewife (4-8 years old, Table 11) 224 to 305
millimeters was preserved for detailed biological anélysis: length, Qeight, age
and food hébits. The fork length-age relationship.data for the 50 fish is shown
in Table 12 (mean length per age group) and expressed graphically in Figure 18.
The'méan valucs from Table 12 are plotted in Figure 18. The data offshore North
Carolina agree closely with the other sources listed in Table 12.

Seventy percent éf the alewife caught offshore North Carolina had spawned

previously: 34 percent once, and 2 percent as much as four times (Table 11),
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Figure 16.-—Fork length - weight relationship for alewife, cffshore
North Carolina, 1969 - 1971.
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Sexes combined
Blueback herring
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Figure 18.-~Fork length - age relationships for alewife and blueback
herring offshore North Carolina 1970-1971.



-53-

a situation similar to that found by Joseph and Davis (1965) in the York River,
Virginia. Sixty percent of the captured alewife had spawned the first time at
age 4, 37.1 percent at age 5, and 2.9 percent at age 6 (Table 11). This agrees
with Marcy (1969) in Connecticut River.

Alewife - Chowan River at Tunis

A total of 207 male and 180 female alewife was weighed (g) and measured
(mm). The males ranged from 214 to 266 mm and 113 to 340 g while the females
ranged from 225 to 287 mm and 142 to 397 g.

The length-weight relationship for the total male sample is expressed in
Figure 19. 1In addition to the total male sample, fork length-ﬁeight relation-
ships were computed for males at the beginning of the spawning run (1 March)
and after the peak of the run (29 March) and are also presented in Figure 19.
From these latter two relationships (Figure 19), it is evident male alewife lose
approximately 25 grams during spawning.

Female alewife fork length-weight relationships computed for the total
sample, pre-peak spawning, and post-peak spawning, are presented in Figure 20.
These relationships also indicate a loss in total weight of 30 to 65 grams
after spawning, depending‘upon the length or size of the female fish.

The length-frequéncy_distribution for alewife presented iﬁ Figure 21 in-
dicates a peak of 230-259 millimeters for males and 250-269 millimeters for
females. Based on the length-age data, these ages would ba.4-7 and 5-7 years
respectively. This agrees strongly with Marcy (1969) and Netzel and Stanek (1966).

A sample of 40 males, 220 to 266 mm, and 26 females 228 to 287 mm, was
pfeserved_ for detailed length, weight and. age analyses. Scale analysis indica-
:ted an age range of 3-8 yvears for males and 4-8 for females (Table 11). The
age-fork length relationship data for the 40 males, 26 females, and sexes com-
bined are shown in Table 12 and expressed graphically in Figufé 22. The mean

values from Table 12 are plotted in Figure 22. As can be seen from the sources
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Figufe 19.-—Fork length - weight relationship for male alewife, Chowan
River at Tunis, N. C., 1 March 1971 - 4 May 1971.
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Figure 2l.--Length-frequency distribution for alewife, Chowan River
at Tunis, N. C.,, 1 March 1971 - 4 May 1971.
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Figure 22.-Fork length - age relationship for alewife, Chowan River
at Tunis, N. C., l‘March 1971 -~ 4 May 1971.
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¢ .
“1isted in Table 12, Chowan River data agree closely with other sources.

Only &42.4 percenﬁ of the alewife in Chowan River had spawned‘previously,
with 25.8 percent having spawned once and 1.5 percent four times (Table 11).
This agrees with Joseph and Davis (1965) for fish from the Reedville-Gwynn's
Island, Virginia area. |

Of the alewife at Tunis, 54.5 percent spawned for the first time at age

4 and 39.4 percent at age 5 (Table 11). Marcy (1969) found a similar situation.

Blueback Herring - Of fshore

A total of 186 blueback herring was weighed (g) and measured (mm) from
1969-1971. These fish ranged from 97 to 315 mm and from 28 t6 341 g. The length-
weight relationship is presented in Figure 23.

The fork length-frequency distribution presented in Figure 24, indicates
two majorrpeaks: 220-239 mm for 1969-1970, and 230-249 mm in 1970-1971. Ac-
cording to age-length data, the peaks represent 4-5 and 5-6 year old fish, re-
spectively. The combined two-year sample agrees with the major age composition
found by Marcy (1969) and Netzel and Stanek (1966).

A sample of 76 blueback herring, 128 to 315 mm was preserved for detailed
length, weight, age, and stomach content analyses. The age-fork length rela-
tionship data for the 76 blueback herring are shown in Table 12 and is e#pressed
graphically in Figure 18 (mean values from Table 12 are. plotted on Figure 18).
The ages ranged from 2-8 years (Table 11) with the mean Lengths for the 2-5
year groups smaller than shown by other sources. However, the m=zan lengths for
the 6-8 year groups agreed with the literature.

Only 27.6 percent of the blueback herring from offshore North Carolina
were repeaters, 14.5 percent had sﬁawned once, and 1.3 percent had spawned five
or more times (Table 11). This percentage of repeaters is lower than that re-
ported by Joseph and Davis (1965) (66 percent repeaters) in the York River, Vir-
ginia; and Street and Adams (1969) (80 percent repeaters) in the Altamaha River,

Georgia.
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Figure 23.-—Fork length - weight relationship for blueback‘herring,
offshore North Carolina 1969 - 1971.
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Figure 24.--Length-frequency distribution for blueback herring,
offshore North Carolina, 1969 - 1971.
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Of the 76 blueback herring, 33.3 percent spawned for the first time at age
3, 61.9 percent at age 4, and 4.8 percent at age 5, (Table 11). These percent-
ages are almost identical to Marcy's (1969) figures for Connecticut River.

Blueback Herring - Chowan River at Tunis

A total of 267 male and 275 female blueback herring was weighed (g) and
smeasured (mm). These fish ranged from 211 to 268 mm and from 113 to 284 g for
the males, and 221 to 284 mm, and 142 to 340 g for the females. The length-
wéight relationship for the total male sample is presented in Figure 25. 1In
addition, length-weight regressions were attempted for males prior to and after
the peak of the spawning run. Although there was an evident loss in weight dur-
ing the spawning run, insufficient numbers of male blueback herring were obtained
to derive significant curvilinear relationships prior to and after spawning.
Also, males were still in the process of spawning when the 1a$t sample was taken.

Fork length-weight relatiohships were attempted for the females in the
same manner as for male blueback herring. However, 1ike the males, the post-
spawning relationship could not be computed accurately because ongoing spawning
was apparent. Nevertheless, the length-weight relationship was obtained for
the total sample and pre-spawning period and is presented in Figure 26.

The length-frequency distribution for bluebacks indicates a pe=ak for
males at 230-239 mm and for females at 240-249 mm (Figure 27). According to
the length-age data, the above length ranges would represent ages of 4-6 years
for both sexes.. As with alewife, this 4-6 age range agrees closely with Marcy
(1969) and Natzel and Stanek (1966).

A sample of 36 males, 222 to 250 mm, and 32 females, 225 to 260 mm, was
preserved for detailed length, weight; and age analyses. When the scale sam-
ples were examined, an age range of 4-7 years was found for both sexes (Table 11).

The age-fork length relationship data for the 36 males, 32 females, and sexes
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Figure 25.--Fork length - weight relationship for male blueback
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Figure 26.—Fork length - weight relationship for female blueback
herring, Chowan River at Tunis, N. C., 21 March - &4 May 1971.
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Figure 27.—Length-frequency distribution for male and female blueback
herring, Chowan River at Tunis,.N. C, 21 March - 4 May 1971.
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combined is shown in Table 12 and expressed graphically in Figure 28, The mean
values from Table 12 are also plotted in Figure 28. Unlike the alewife at Tu-
nis, there is little.or no agreement in the age-length comparisons with the other
study sources listed in Table 12. Thus, either our sample was too small (only
10% of the fish sampled had scales taken for age analysis), or the blueback
herring at Tunis grow slower than in other areas.

Of the blueback herring captured at Tunis, 57.3 percent had spawned pre-
viously with 35.3 percent having spawned once and 2.9 percent three times (Table
11). The total percent repeaters tended to be smaller than that found by Joseph
and Davis (1965) and Street and Adams (1969).

At Tunis, 94 percent of the blueback herring spawned for the first time
at age 4-5 (Table 11). Marcy (1969) found about 70 percent spawning for the
first time at ages 4 and 5 in Connecticut River. .

The total length-fork length relationship for blueback herring at Tunis is
shown in Figure 29. The formula expressing this relationship was used to con-
vert Marcy's (1969) and Natzel and Stanek's (1966) total length data for blue-
back and alewife to fork length (Table 12). The total length-fork length re-
lationship for blueback herring and alewife was assumed to be similar.

In summary, the age-length and age at first spawning data for striped
bass, American shad and blueback herring offshore, and all alewife, agree well
with the findings of researchers in other areas. However, the data for Ameri-
can shad and blueback herring inshore did not agree well with the listed sources,

probably, as mentioned before, because of the small sample taken.

Tagging Results

During this three-year study period, 3,147 anadromous fish were tagged off

the North Carolina coast (Tables 13, 14, and 15). Most of the fish tagged came
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Figure 28.--Fork length - age relationship for blueback herring,
Chowan River at Tunis, N. C., 21 March - 4 May 1971.
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Table 13.--Anadromous fish tagged by area offshore North Carolina, 1968 - 1969

Species AREA 1 AREA 11 AREA TII AREA 1V , TOTAL

Striped bass

(Morone saxatilis) 0 0. 2 493 495

American shad

(Alosa sapidissima) 0 0 0 5 5

Shortnose sturgeon

(Acipenser brevirostrum) 0 0 1 1 2

Atlantic sturgeon

(Acipenser oxyrhynchus) 0 0 0 3 3

Blueback herring _

(Alosa aestivalis) 0 0 0 0 0

Alewife _ :

(Alosa pseudoharengus) 0 0 0 0 0

Hickory shad :

(Alosa mediocris) 0 0 0 0 0
0 0 3 502 505
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Table l4.-—Anadromous fish tagged by area offshore North Carolina, 1969 - 1970

AREA I AREA 1I

Species AREA TII AREA 1V TOTAL

Striped bass

(Morone saxatilis) 0 0 212 203 415

American shad

(Alosa sapidissima) 0 0 0 2 2

Shortnose sturgeon

{Acipenser brevirostrum) O 0 1 0 1

Atlantic-sturgeon

(Acipenser oxyrhynchus) 0 3 83 4 90

Blueback herring

(Alosa gestivalis) 0 9 6 1 16

Alewife _

(Alosa pseudoharengus) 0 0 18 4 22

Hickory shad

(Alosa mediocris) 0 0 0 0 0
0 12 320 214 546
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Table 15.--Anadromous fish tagged by area offshore North Carolina, 1970 - 1971

Species ) AREA 1 AREA 11 AREA II1  AREA IV TOTAL

Striped bass , . .
(Morone saxatilis) 0 0 ' 59 783 842

American shad : _
(Alosag sapidissima) 0 0 0 301 301

Shortnose sturgeon
(Acipenser brevirostrum) ) 0 0 1 1

Atlantic sturgeon

(Acipenser oxyrhynchus) 0 0 10 84 94
Blueback herring

(Alosa aestivalis) 0 o 150 467 617
Alewife

(Alosa pseudoharengus) 0 0 30 163 193

Hickory shad
(Alosa mediocris) 0 o] 1 47 48

0 0 250 1846 2096
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from Area IV (2,562). 1In Area I1I, 573 anadromous fish were tagged; in Area
11, 12 anadromous fish were tagged; and in Area I, no anadromous fish were
tagged.

All the tagged striped bass were confined to Areas III and IV, with 84.4
percent being tagged in Area 1V. However, during the second segment almost
equal numbers of striped bass were tagged in these two areas. All the 308
American shad tagged were captured in Avea IV. Only four sﬁortnose sturgeon
were tagged, two in Area ITI and two in Area IV. Of the 187 Atlantic sturgeon
tagged, most were tagged in Areas 111 and IV; however, three were tagged in
Area 11. Tagging frequency, by area, was almost equally reversed for this spe-
cies in Areas III and 1V during the second and third segments of the study.
Blueback herring were tagged most frequently in Area IV, with 25 percent tagged
in Area III and less than one percent in Area II. All the alewife were tagged
in Areas ITI and IV with 78 percent being tagged in Area IV, Only 48 hickory
shad were tagged during the entire study. One was tagged in\Area I11I and 47
were tagged in Area IV. Of the 1,204 clupeids tagged, none had been returned
by 1 November 1971.

As of 1 November 1971, 212 tags had been returned during the three-year
study. A total of 197 tag returns came from striped bass and 15 came from At-
lantic sturgeon. The overall recapture rates for striped bass and Atlantic
sturgeon were 11.2 percent and 8.0 percent, respectively.

Tagging areas are shown in Figure 2. Recapture areas are shown in Fig-
ure 30 (Offshore and Inshore Nofth Carolina and Chesapeake Bay), Figure 31
(Upper Chesapzake Bay té Connecticut), Figure 32 (Massachusetts and Cape Cod),
and Figure 33 (Maine).

Atlantic Sturgeon

Fifteen tags (8.0%) were returned from the 187 Atlantic sturgeon tagged

(Table 16). All 15 were tagged in Areas III and IV. Two of the sturgeon were

recaptured in Pamlico Sound and one was recaptured in Albemarle Sound (Figure 30).
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One tag was returned during the first segment from Mecocks, Long Island, New
York (Figure 31). This sturgeon traveled 401 miles in 65 days at a mean daily
rate of 6.2 miles. During the second segment, one sturgeon moved about 25 miles
north along the beach, and another traveled over 60 miles north of Portsmouth
Island to Oregon Inlet. During the third segment, sturgeon tagged in November
and December in Area IV showed a defirite tendency to move southward along the
coast of Nofth Carolina. Five out of eight recaptures came from Areas IT and
I11. Three were taken in gili nets off Bear Inlet in Avea II, 117 to 200 miles
south from where they were released. However, during February and March this
southward movement appeared to reverse. Four sturgeon tagged during this period
were recaptured 5 to 401 miles north of where they were released. The remaining
sturgeon were recaptured in the same area they were released. Tréwls and gill
nets were the methods of recapture. There was no apparent correlation between
size of the fish, days out, or distance traveled.

Most of the sturgeon tagged were small (modal group“95;O to 99.9 cm), and
according to studies by Vladykov and Greeley (1963) in the St. Lawrence River,
only 2.7 percent of the sturgeon tagged were capable of spawning. Therefore,
few returns were expected from inland spawning areas. Instead of any definite
inshore spawning migration, tag returns indicated sturgeon were found mostly
near.the inlets and appeared to move south along the coast from November through
Januéry, and northward along the coast during late winter and early spring.
Striéed Bass

Tables 17 and 18 indicate the status or striped bass recaptiires as of
1 November 1971. The overall recapture rate for the 1,752 striped bass tagged
was 11.2 percent. These tag returns, summarized by year and area, suggest sev-
eral tentative conclusions. Primarily, the inshore zone (0-10 fathoms) between

Cape Henry, Virginia, and Cape Lookout, North Carolina, serves as the wintering
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grounds for the migratory segment of the Atlantic coast striped bass population.
Three main groups of fish appear to congregate off the North Carolina coast dur-
ing the period November to March: striped bass which enter Albemarle and Pam-
lico Sounds, North Carolina (apparently mostly small fish), fish from Chesapeake
Bay (mixed sizes), and predominately large striped bass which spend the summer
from New Jersey northward (Figure 34). |
The tagging data summarized in Table 17 requires some explanation. Re-
turns from the 1968-1969 taggings differ somewhat from the 1969-1970 and 1970~
1971 programs. During the first segment, tagging efforts were confised along a
relativeiy small portion of the coast (Oregon Inlet to the North Carolina-Vir-
ginia border) and were concentrated during February 1969. During the other two
segments, tagging efforts covered the entire North Carolina coast and extended
from November through March each segment. The first segment's work, therefore,
did not give an adequatebsample of the striped bass over-wintering along the
North Carolira coast.‘ The low return rate from North Carolina suggests that
in spite of the large catches made by North Carolina fishermen, particularly
beach seiners and ocean trawlers, these fishermen have had little effect on the
over-wintering striped bass population. The fish, in fact, may be under-harvested
by North Carolina fishermen. The great majority of striped bass caught by the
North Carolina oceanic haul seine and trawl fisheries during the 1968-1969,
1969-1970, and 1970-1971 segmentswere small fish, no more than three or four
years old. Prior to this period, the oceanic catch was quite small and was
dominated by large fish. In addition, prior to catching them during this study,
large striped bass were rarely encountered in the ocean south of Cape Hatteras.
It is believed that the tag return data do not give a true picture of the
movements of large striped bass. During the study, 373 fish weighing 10 kilograms

or more were tagged. Of the 35 fish of this size group recaptured, 26 (747)
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were from north of Chesapeake Bay. All of these recaptured fish were taken dur-
ing the late spring and summer, after the spawning season. Where these fish
spawnéd is not clear. The gill nets used to capture striped bass in the inshore
waters of North Carolina are designed to catch fish 2-5 years old, and fish
greater than 10 kilograms are rarely captured. Therefore, the acno distribu-
tion of these large fish in the inland waters of North Carolina is unknown ex-
cept on the Roanoke River spawning grounds at Weldon, North Carolina. Most
fishermen in Virginia also concentrate on smaller fish, A large fish (11.3 kg)
from Rappahanock River, Virginia, (5 May 1971) was probably on its way to or
from the spawning grounds. In‘Maryland it is illegal to keep striped bass over
15 pounds in weight during April and May (the spawning season). The presence of
these large fish, therefore, goes largely undetected in the inshore waters of
North Carolina, Virginia, and Maryland during the spawning season.

The northern movement of large fish to New England was in basic agreement
with Merriman (1941), although he believed the southernmost point of the mi-
gration roptevwaé Chesapeake Bay. He stated further that striped bass found
south of Cape Hatteras did not intermix with northern stocks. However, during
this.study, striped bass tagged south of Cape Hatteras were recaptured in Chesa-
peake Bay north to Massachusetts.

Vladykov and Wallace (1952) suggested that striped bass from North Caro-
lina sounds and Chesapeake Bay do not intermingle, but large fish from both areas
may contribute to the mid;Atlantic and New England popuiations.of striped bass.,
They made no comments on whether or not fish overwintering on the North Carolina
coast might enter Chesapeake Bay. As in this study, Chopotonand Sykes (1961)
found that striped bass tagged on the North Carolina coast entered Albemarle Sound
and Chesapeake Bay. A few of their fish were also caught along the mid-Atlantic

and New England coasts.
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In contrast to the results obtained during the first segment when haul
seines and gill nets captured similar numbers of tagged striped bass, gill nets
and sports fishermen were responsible for more than 50 percent of the rebaptures

during the second and third segments (Tables 19, 20, and 21).

Mortality

Striped Bass

Basic assumptions involved in the estimation of mortality are: (1) No
loss of tagged releases caused by handling and after-effects of the tag; (2)°
either no loss of recaptured striped bass because of failure of fishermen to re-
turn them, or the ratio of undetected to detected reéaptures remaiﬁs essentially
constant during each experiment; and (3) all tagged striped bass were avail-
able to the fishery.

Only those striped bass that appeared in_géod condition and displayed no
signs of distress after tagging were released in the studies presented herein.

For the purpose of estiﬁating mortality, the tagged or experimental popu-
lations are assumed to react as their pareﬁt groups. There.is evidence which.
indicated large striped bass (10 kg or more) may go largely undetected in in-
land waters of North Carolina, Virginia, and Maryland. Generally, when tagged
fish become unavailable to the fishery, the result is an increase in the total
and natural mortality estimates. If these fish remain unavilable to the fishery,
they are, for all practical purposes, lost to natural causes and should be con-
sidered as a valid part of natural mortality estimates when applying management
techniques established as é result of these estimates.

The loss of recaptured fish because of failure of fishermen to return them
is believed negligible. The incentive to return tags was high and cooperation
with commercial and sports fishermen was excellent. 1t was assumed thatAthe ratio
of undetected to detected recaptures did not change dufing the experiments.

N\
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Table 19.—Fishing gear used to recapture striped bass tagged offshore North Carolina,

1968 - 1969
Major Recapture Areas
_ North of
Inside N. C. Offshore N. C. Chesapeake Bay Chesapeake Bay Totals
Fishing gear No. Percent No. Percent No. Percent No. Percent No. Percent
Gill net 2  50.0 0 0.0 10 25.0 0 0.0 12 22.2
Haul seine 1 25.0 1 20.0 13 32.5 0 0.0 15 27.8
Trawl 0 0.0 0 0.0 0 0.0 0 0.0 -0 0.0
Pound net 1 25.0 0 0.0 6 15.0 0 0.0 7 13.0
Fish trap 0 0.0 0 0.0 0 0.0 1 . 20.0 1 1.8
Sport 0 0.0 0 0.0 5 12.5 4 80.0 9 16.7
Unknown 0 0.0 4 80.0 6 15.0 0 0.0 10 18.5
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‘Table 20.—Fishing gear used to recapture striped bass tagged offshore North Carolina

1969 - 1970 :
Major Recapture Areas
North of

Inside N. C. Offshore N. C. Chesapeake Bay Chesapeake Bay Totals
Fishing gear No. Percent No. Percent No. Percent . No. Percent No. Percent
Gill net 11 68.8 0 0.0 14 56.0 O 0.0 25  38.5
Haul seine 5 31.2 5 71.4 1 4.0 2 11.8 13 20.0
Trawl 0 0.0 2 28.6 0 0.0 0 0.0 2 3.1
Fyke net 0 0.0 0 0.0 1 4.0 0 0.0 1 1.5
sport 0 0.0 © 0.0 4 16.0 15 88.2 19  29.2
Unknown 0 0.0 0 0.0 5 20.0 0 0.0 5 7.7

16 . 7 25 17 65
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Table 21.--Fishing gear used to recapture striped bass tagged offshore North Carolina,
1970 - 1971, as of 1 November 1971

Major Recapture Areas

North of .
Inside N. C. Offshore N. C. Chesapegke Bay Chesapeake Bay Totals
Fishing gear No. Percent No. Percent No. Percent No. Percent No. Percent
Gill net 13 68.4 0 0.0 8 57.1 0 0.0 21 26.6
Haul seine 0 0.0 10 -76.9 1 7.1 1 3.0 12 15.2
Trawl 1 5.3 0 0.0 0 0.0 1 3.0 2 2.5
Crab dredge 0 0.0 0 0.0 1 7.1 0 0.0 1 1.3
Pound net 1 5.3 0 0.0 0] 0.0 0 0.0 1 1.3
Sport fishing 1 5.3 1 7.7 . 4 28.6 30 90.9 36 45.6
Unknown 3 15.7 2 15.4 0 0.0 1 3.0 6 7.5
19 13 14 33 79
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Total mortality (Z = F+X = fishing plus natural mortality) estimates
were obtained by fitting linear regressions to the natural logarithms of monthly
recaptures, adjusted for unequal fishing effort, plotted against monthly (recap-
ture) time periods (Beverton and Holt, 1957). The sloPekqf the regression is
the instantaneous total mortality rate. Fishing effort was assumzd to be equal
because no data were available.

Monthly instantaneous Fotal mortality rates (Z) calculated for striped
bags populations included in this study are presented in Table 22. Presented
also are the monthly rates of reduction, expresséd in percentages, for the sea-
sonal experimental populations. The mean total reduction per month for the 1968
through 1971 fishing seasons was 24.3 percent. The mean reduction per month due
to fishing was 3.6 percent.

A search of the literature revealed no sources of striped bass mortality
information utiliziﬁg tag-recapture data analyzed by the method used herein and
as outlined by Beverton and‘Holt (1957). Ideally, mortality estimates utiliz- ’
ing this method would have been obtained by fitting linear regressions to the
natural logarithm of annual recaptures, wherein annual recapture data would be
desired over a period of at least three years foilowing annual tagging periods.

Hassler et al (1966 and 1967) present estimated overall exploitation
rates for striped bass in the Albemarle Sound area of North Carolina as 26 per-
cent and 24.5 percent respectively, for the years‘1965 and 1966. These exploi-
tation rates are actually annual percentages of tag returns and do not account
for recaptured fish from which tags were not returned. The exploitation rates
presented shoqld then bg considered the absolute minimum.

The méthod outlined by Beverton and Holt (1957) and used herein assumes
no loss of recaptured tags, or that the r.tio of lost to recovered recaptured
tags remains essentially constant over the selected time.periods (months) dﬁr—

ing each experiment. 1If this is a valid assumption, the slope of the regression
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Table 22.—~—Instantaneous and monthly mortality rates calculated from striped bass

tagging data, offshore North Carolina 1968 - 1971

Instantaneous Monthly
Mortality rates Mortality rates (percent)
Year Months Total Fishing Other Total Fishing Other
period released (2) (F) (X)  (1-e-2) (1-e-%) (1-e7%)
1968-1969  December-March 0.347 0.070 0.276 29.5 6.8 24.4
1969-1970 December-February 0.294 0.028 0.276 25.2 3.0 24.4
1970-1971  November-March 0.186 0.009 0.178 17.3 1.0 16.5
Monthly means 0.278 0.036 0.243 24.3 3.6 21.8
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from which the harvest rate or monthly fishing mortalitj rate is determined
would not cﬁange.

’ The exploitation rate, based on mean recapture data presented in Table
17, is 11.2 percent which is considered the absolute minimum harvest rate.
The mean monthly fishing mortality rate presented in Table 22 is 3.6 percent and
does not take into account unequal fishing effort that probably existed over the
months involved. 1If the monthly fishing effort was known and the recapture
date adjusted to a éonstant or equal monthly effort, ﬁhe slope of the regression
‘would change and result in at least slightly different mortality estimates.

The mean monthly fishing mortality rate of 3.6 percent was projected to
represent an annuél harvest rate (Bevertoﬁ and Holt, 1957). The calculated an-
nual fishing mortality rate for striped bass tagged in the ocean off North Caro-
lina and recaptured from North Carolina to Maine (both oceanic and estuarine)
was 35 percent.y This disagrees with exploitation rates and indicates a much
higher'and probably more valid harvest than is indicated by the pércentage éf
recéptures. |

The mean monthly natural (other)_mortalityKrate presented in Table 22 is
présumed to be high because tagged fish still at large are included in the es-

timate as natural losses.

Biological Studies

Data from 296 striped bass were taken for length, weight and age analyses.
In addition, 152.were examined for food habits and 35 for fecundity.

Data from 202 American shad were taken for length, sex, weight, and age
analyses of which 60 (45 adults and 15 juveniles) were examined for food habits
and 43 for fecundity.

A sample of 362 adult blueback herring and 72 alewife were examined for
iength, weight,.ége and sex. An additional 16 blueback herring and 11 alewife

were analyzed for food habits.
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From 1 March 1971 through & May 1971, 542 adult blueback herring and
387 alewife fr;m Chowan River at Tunis were examined for length, weight, age
and sex to determine if, in fact, a relationship exists between fish caught in
the ocean off North Carolina and those caught in the Chowan River, North Caro-
lina.
Food-Habits

Striped Bass - During the first segment, stomach contents of 50 striped
bass (28 to 82 cm) were analyzed. Sterling and Godwin (1970) reported that the
contents of 41 (827%) of the 50 dissected stomachs were unidentifiable. The

silverside (Menidia menidia) was found in two specimens, and the sand shrimp

(Cragon septemspinosa) in seven.

During the second segment, 50 striped bass (42.4 - 109.4 cm) were examined.
Only seven (14%5 of the 50 striped bass stomachs exémined were empty. All the
others contained identifiable fish or unidentifiable fish remains. No inverte-
brates were found. Unidentified fish remains (mostly vertebral columns) were
found in 74 percent of the stomachs. The most frequently occurring identifiable

fish were the sciaenids Bairdeilla chrysura (in 247 of the stomachs) and Cynoscion

regalis (in 187 of the stomachs). The most frequently occurring identifiable

food item by number, weight, and volume was weakfish, Cynoscion regalis. ‘Re-

sults of the 1969-1970 stomaéh analyses are summarized in Table 23.

During the third or final segment, 52 additional striped bass (45.5 to
111.0 cm) were analyzed. bThese stomachs were dissected aboard ship, while still
fresh, to make identifications of smaller invertebrates and fish which might
otherwise deteriorate after being preserved in formalin. Eleven (21.2%) of
these striped bass stomaéhs were empty. All others contained identifiable fish,
or unidentifiable fish remains or invertebrates. Unidentified fish remains

(mostly vertebral columns) were found in 28.8 percent of the stomachs. The most

frequently occurring identifiable fish were Brevoortia tyrannus (in 19.2% of the
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Table 23,--Stomach analyses of 50 striped bass caught on the North Carolina coast,
February and March, 1970

No. No.or- Tot. Mean Tot. Mean

sto- gan- - wt. wt. vol. vol,
Food item - ’ machs %  isms T () % () @) % (ml)
Cynoscion regalis 9 18 18 11.3 2585 28;4 143.6 2385 29.4 132.5
Cynoscion nebﬁlosus 1 2 1 0.6 115 1.2 115.0 108 1.3 108.0
Leiostomus xanthurus 5 10 8 5.0 443 4.8 54,1 369 4.6  46.1
Bairdiella chrysura 12 24 .15 9.4 803 8.8 53.5 719~ 8.8 47.9
Brevoortia tyrannus 1 2 1 0.6 S134 1.5 134.0 115 1.4 115.0
Scomber sp. 1 2 2 1.2 114 1.2 57.0 100 1.2 50.0
Anchoa hepsetus 2 4 12 7.5 18 0.2 1.5 15 0.2 1.3
Unidentified fish 37 74 103 64.4 4911 53.9 47.7 4319 53.1  41.9
Empty | 7 14

160 100- 9113 100 8130 100
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stomachs) and Anchoa hepsetus (in 15.4% of the stomachs). The results of the

1970-1971 stomach analyses are summarized in Table 24.
Correlating stomach contents of striped bass collected at a given station
with other species collected at the same station indicated that fish of the

family Scienanidae (1969-1970) and Brevoortia tyrannus and Anchoa hepsetus

(1970-1971) were the most available food items as well as the most frequently
encountered food items in the stomachs.

Pearson (1938:839) states that the striped bass is 'carnivorous, preda-
cious, and an active feeder,'consuming a wide variety of fishes and invertebrates.
Other workers such as Smith (1907), Bigelow and Schroeder (1953), Merriman (193/)
and Hollis (1952) reported a wide variety of organisms from striped bass sto-
machs indicating tﬁat the striped bass is an opportunistic feeder. All of the
stomachs examined durihg the present study were from fish captured during the
winter, suggesting that striped bass (particularly large striped bass) remain
active feeders during the colder months.

‘American Shad - Analyses of the contents of 19 American shad stomachs,

during the second segment, are shown in Table 25. Of the four adults examined,
two contained unidentifiéd flesh and two were empty. Only three of the 15 ju-

veniles examined had empty stomachs. All the others contained one to five

Anchoa hepsetus. Occurrence of these anchovies, especially in the stomachs of
juvenile shad (87-14lmm) is of interest. Various authors have indicated that,
"while adult shad may sdmetimes eat small fish, juveniles restrict their diet to
various planktonic organisms and occasional benthic invertebrates (Bigelow and

Schroeder, 1953; Leim and Scott, 1966).

During the third segment of this study gross examination was made of the
stomach contents of 41 adult American shad from 42.0 to 50.6 cm in fork length.
These fish were captured 12 and 13 March 1971, in the oéean off Oregon Inlet,

North Carolina. All of the 41 stomachs contained food. Unidentifiable fish



-100-

Table 24.—Stomach analyses of 52 striped bass caught off the North Carolina coast,

1970 - 1971

Number ~ Number

Food item stomachs Percent organisms Percent
Brevoortia tyrannus 10 19.2 15 5.5
Etrumeus_teres 2 3.8 3 1.1
Anchoa ﬁepsetus 8 15.4 . 208 76.8
Strongylura sp. 3 5.8 4 1.5
Syngnathus sp. 1 1.9 3 1.1
Bairdiella chryéura 2 3.8 2 0.7
Cynoscion regalis 5 9.6 5 1.8
Ammodytes americanus 1 1.9 1 0.4
Peprilus triacanthus. 2 3.8 ' 2 0.7
Hepatus epheliticus 1 1.9 1 0.4
Portunis sp. 1 1.9 1 0.4
Callinectes sapidus 2 3.8 | 2 0.7
Aepathoa oculata 1 1.9 _ | 1 0.4
Loligo sp. 1 1.9. ' 1 0.4
Unidentified fish 15 28.8 22 8.1
Empty i1 21.2

271 100
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Table 25.—Stomach analyses of 19 American shad caught off the North Carolina coast,
winter 1969 - 1970

Total
No. of Per- No. of Per- weight Per-
Food item stomachs cent organisms cent (g) cent
Anchoa hepsetus 12 63.1 27 93.1 15.8 98.1
Unidentified flesh 2 10.5 2 6.9 0.3 1.9

Empty 5 . 26.3

29 - 16.1
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remains (mostly vertebral columns and gill arches) and identifiable fish were
found in 39 (95.1%) of the stomachs. Nine (227) contained from one to 12

Anchoa hepsetus from 40 to 70 mm in length. All the stomachs contained some

form of zooplankton which consisted of various species of amphipods, copepods,
isopods, cumaceans, decapod larvae, and bivalves. The majority were under five
mm in size. Twenty-eight (68.37%) also contained various forms of phytoplankton.
The data, although based on fish collected in salt water, disagree with
the theory put forth by Atkinson (1951). He suggested that the stomachs of
American shad found in fresh water were devoid of food because the potential
food items in fresh water (zooplankton) were generally of a size too small to
be retained by the shad's filter-feeding system. Atkinson believed that organ-
isms 5mm in size were too small for American shad to capture. The present data
indicate that shad not only are capable of feeding on organisms under 5 milli-
meters in size, but on occasion may feed extensively on organisms of this size

class.
: &
In addition, the occurrence of unidentifiable fish remains and identifiable

fish in 95.1 percent of the adult shad stomachs ié of interest. Various authors
indicated adult shad may sometimes eat fish but are primarily plankt-n feeders
and fishes make up a very small part of their food (Bigélow and Schroeder, 1953;
Leim and Scott, 1966). The present data indicate adult shad not only eat fish,
but on occasion eat fish to the extent fish could be coﬁsidered a major food
itgm.

Blueback Herring - Gross examination was performed on the stomach contents

of 16 adult blueback herring from 16.7 to 24.1 cm in fork length. These fish

were captured iS February 1971 approximately 15 miles east of Currituck Beach,
North Carolina. All 16 stomachs contained foqd. No fish or fish remains were
present in.the stqméchs. All stoﬁachs contained zooplankton consisting of va-
rious species of amphipods, copepods, isopods, cumaceans, mysids, and decapod

larvae.



-103-

Alewife - Gross examination was also performed on the stomach contents of
11 adult alewife from 21.5 to 28.3 cm in fork length. These fish were captured
in the same sample as the blueback herring above. Only one of the eleven sto-
machs examined was empty. Unidentifiable fish remains (mostly vertebral columns)
were found in four (36.47%) of the stomachs. Ten of the stomachs contained some
form of zooplankton which consisted of variousispecies of amphipods, copepods,
isopods, cumaceans, mysids, sagitta, and decapod larvae.
Fecundity

Striped Bass - Fecundity was estimated for 35 female striped bass ranging
from 77.0 to 111.0 em fork length, and from 7 to 13 years of age. Estimated
fecunditie; as well as other data for each fish are shown in Table 26.

As a check on the method of calculating fécundity (already described, see
"Methods'"), fecundity was also determined by calculating the mean number of
ova per gram for each fish, then multiplying that value by the totél weight of
the two-ovaries. When the fecundity values obtained by the two methods were
" compared, no significant difference was found (paired comparisons d.f. = 34,
t = 0.86, and P = .4). |

Mean fecundity was 2,462,372, while the range was from 614,243 for a
seven-year old fish to 4,057,059 for a ten-year old specimen (Table 27).
Jackson and Tiller (1952) examined striped bass in Chesapeake Bay and found
fecundities ranging from 856,000 to 4,536,000 for fish from 6 to 14 years of
age. They found linear relationships and high correlation ( >.§) between fe-
cundity and length, weight, and age. Lewis.and Bonner (1966) also found linear
relationships between fecundity and length and weight through age 13. They also
found a relationship between fecundity and age up to nine years.

In this study, highly significant linear relationships were also found be-

tween fecundity and fork length, weight, and age, with T values of 9.26%*%, 9.73%%,

and 5.05%* respectively (Figures 35, 36, and 37).
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Table 27.--Mean fecundity and range for each age group of 35 striped bass from
offshore North Carolina, January 1970 - March 1971

Number
Age of fish Mean fecundity Fecundity range
7 ' 1 614,243 v 614,243
8 4 | 1,703,200 1,044,230 - 2,221,821
9 13 2,099,811 1,067,472 - 3,715,939
10 4 2,991,733 1,995,974 - 4,057,059
11 10 2,928,498 2,167,324 - 3,911,439
12 2 3,407,767 3,304,497 - 3,511,038
13 1 3,391,002 3,391,002

35 2,462,372 614,243 - 4,057,059
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F = 9.33 x 10% FL - 6.24 x 100
r = 0.85

5| t =9.26
df = 33

Fecundity (x 106)
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Figure 35.--Fecundity - fork length relationship for 35 striped bass.
offshore North Carolina, 1969 - 1971. :
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F =2.18 x 10° ¥ - 1.17 x 10°%
6_ r = 0.86
t = 9.73.
= 33
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G
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Weight (kg)

Figure 36.-—Fecundity - weight relationship for 35 striped bass,
offshore North Carolina, 1969 - 1971.
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F = 4.33 x 10° A - 1.78 x 106
r = 0.66
t = 5.05

df = 33

| |
5 10 15

Age (yrs.)

Figure 37.-—Tecundity - age relationship for 35 striped bass, offshore

North Carolina, 1969 - 1971.



-109-

American Shad - Fecundity was also estimated for 43 female American shad

ranging from 42.0 to 50.6 cm fork length,and from 4 to 9 years of age. Esti-
mated fecundities as well as other data from each fish are shown in Table 28.

The method of calculating fecundity was the same as with striped bass
above., When the fecundity values obtained by the two methods were compared,
a significant difference was found (paired comparisons d.f. = 42, t = 2.18%,
and P = <.05 >.025).

Mean fecundity was 281,137; the range was 197,323 for a 5-year old fiéh
to 457,530 fo a 9-year old specimen (Table 29). Lehman (1953) examined American
shad in Hudson River and found fecundities ranging from 116,000 to 468,000 for
fish 3 to 9 years of age. He found linear relationships and high correlation
(>.9) between fecundity and length, weight, and age. Nichols and Massman (1963)
also found linear relationships between fecundity and length, weight and age
for fish from 4 to 7 years of age in York River.

In this study, significant relationships were also found between fecundity
and fork length, weight, and age with T values of 4.56%*, 4.22%%, and 2.07% re;
specively (Figures 38, 39, and 40). Linear and curvilinear regressions were
also computed between fecundity and spawning marks but no significant relation-
ship was found at the 95 percent level.

Procedures simila; to Jackson and Tiller (1952) for striped bass and Leh-
man (1953), as modified by Davis (1957), for American shad were utilized to de-
termine total estimated fecundity. The above researchers detérmined total es-
timated fecundity by adjusting sample unit counts to represent a sample size
of 1 gram. The total number of ova for each fish was then calculated from the
sample unit mean and the total weight of the ovaries.

In this study, an actual total ova count for each l-gram sample was taken. The

total estimated fecundity for each fish was determined by calculating the number of



& 865 TEE 792 €081 9v1eC 8 7E€E Tl £56°1 8L *L 8°1 9°LY 7C ~SWV
A €LY 9L HET %161 68 L2601 66%°1 €L Y 0'c 2 9% 12 -SWY
' 43 %S 6L 6LT seEe LL £59°96T €86°1 6L 2l 61 1°LY L1-SWY
19 B ORI 829°Z¢ET 298°1 1L LA T 698°1 ¢9 L ¢ 1 0°GS% 0€ - SHY
766 €9 ©ZTLZ1 2€2°C LS 89€°9T1 8/0°C 96 ¥l G 1 0°9% GE-SHV
166°0%€ €60°SLT 196°C 6S BE6°GOT 198°¢C 8¢ x9 6°1 L 9% T -Shv
0% 0%e 769°671 860°‘C €9 5CL40TT 160°¢T Vi *9 6°1 L 9y C1-SHY
£88°81¢ 8%79°€T1 9/6°C 8y IS FAL 12L°2 cg *9 /AR C°gy 6 -SWV
6%78°L6Z 686G €91 690°2 18 09Z°0€1 %00°¢ -G9 *9 g°¢ G 8% ¢ -SHWY
796°¢92 (A4S A VTR €6 070611 88%°1 08 *9 9°1 G 8y 6€ ~SHV
091°29¢ 00€ “%E1 GL6T 89 098°L21 1€1¢2 09 %9 g1 vy € - SV
609 °60€ 60C°€LLT T6L°T 66 00£°Z¢€1 %9L°1 Gl 9 0'¢ YA 81 -SHY
ZE9¢wET 266°811 809°1 A 0%79°CT1 TG9°1 oL *9 1°C YA A/ £Z -SWV
LeL€9e 9€6° %11 LH9°T 88 16L°8T1 €LL°1 A *9 91 29y Gt ~SWV
1€9°L%e 88€°Z51 Avece 89 ERZS6 £zece 1% *9 6°1 L°8% 8Z -SHY
062°6Le 9%70° LET LGLéT 8L 79z 8¢E1 £€€02¢ 89 9 91 S 4% LT-SWY
0L£°192 0ST9%1 €T9°1 06 T A R KA VALSA T 08 9 L1 9°GY "L -SHY
0T L %92 00%7 €T Z16°1 GL 01€°10T 81 cg *9 | 0°EY 0T -SH?
ze1f¢see Z60°%91 79,1 €6 080°1L1 SH9°1 701 9 z°C L'8% 16 -SWV
9%2°98¢ 0L9°061 81£°¢ S9 9.6¢6€T 12%°¢ 9¢ *9 81 7Sy 6%7-SHWV
029°61¢€ 098°941 0£Gc2 29 09L°291 706 °¢2 ¢9 x*9 L1 C 9% 8h =SV
ogséele ERV9°HRIL L1L°2 6L £88°8G1 £€69°C 6S %9 6°1 A 07~ SWV
966 € L9¢ 091 “60¢ 886°C 0L .CER ST E6°T g *9 AR 18y - TSV
196°12¢ 026°€01 ZELT 09 170°811 €EC°T LL 9 L1 2°SYy 91 -SWY
825 °90¢ Z.8°G601 9€0°?C 149 959001 L60°2 8% g 9°1 G Hh ¥ -SHY
200°982 T Hel 9%l ‘1 LL 096161 o) L xS L1 L°SY ¢ ~SWV
G61°9L2 66L°T51 £88°C £ 96£ €21 8€6°C (4] *G VAR 0°ZY £ -SHV
CeEGCc9ce 80T “4E1 B6ET 96 £2E°Z01 £8%°1 69 xS 81 VANAY) 1 -SWV
£Cele1 I1SL°01T €96°1 LS [AXR1} 288°1 9% xS 81 £°GCh LE-SWV
SLYwCLyE T1L£°961 LTIT1¢E £9 50T°1GT LAY 8y 9 [AK4 0°8% " TH-SHY
2L1°14%2 692 HE1 £€6‘2 139 €Z6°901 Lz T Ly % 1 € hy GZ-SHY.
A3Tpuna Ai1eAo Z7eap (3)3yStopM Kiero 3/eag B)yStom 28y 3M) (wo) Jaqunu
-97 *3s9 313971 AIBAC 33JO] LR A1eao 3ydTy ay81eM  y38usag usutoedg
183071 £3Tpuns A31pUnd N1o3
-93J -asyg -93 189
1L61 - 0QL61

€35®0D2 BUTTOAB) Y3ION 9yl IFO 3JySneD pRYS URDIIASUY £ JO A171pundoy pajeruwrisa pue ydram ‘yiSusl 3103 ‘e8y—-gr 21qvL



-111-

syaew Jurumeds SIow 10 SuC PeY S[BOS ¥

299°¢/8¢ 806°2C1 8BLL T 98 VITAL TN 128°1 7l -- 8°1 e Gh 9€ ~SKV
£26°1G2 0%6°871 82Z°1 co1 £86°821 €171 16 -- L1 0'9v 0S ~SWV
86L°60¢€ €L6°%GT 0L T 16 C8L %G 128°1 cg -- 0°¢ 9Ly 01 -SWV
990°08¢ 780°€€T 8CE“T 86 286 °9%1 751 701 -- 1°C Z 6% 61 -SWV
LL6°20T 898°%11 60Z°¢C 149 607188 6v1‘2 1% -- 0°1 L'EY 171-SWV
979902 90%° 86 Z95°¢1 £9 072 ‘801 7081 09 -- | Z'GYy € - SWV
182°LLT 1%%°96 168°1 16 o%8°08 088°1 €y -- 9°1 8°CYH L%-SWV
" O%8wee 8.0°0C1 906°1 €9 29L°%01 geE‘e X - 9°1 9 3% 97 -SWV
0€G°LSY TLlv ot 619°C 88 860°L2¢C 116°¢ 8L *6 0°2 S 0S 7Z-SWY
L9S° 182 £25°2S1 £€88°1 18 H%Z0°CET gze‘z 8¢ *6 £°Z 9°0S £€-SWV
§60°9.2 S1%°891 166°2 g9 0%9°201 0L6‘e . 49 *8 1°2 £°0S 9% -SWV
£85°CHe TIS 611 L68°T £9 L0921 2lne 16 %8 9°1 Z vy 9 -SWV
A31puno Kaeao 8sea0 (8)3yBtepm Aaeno 87880 (S3yStom a8y (31 (uo) Jsqunu
-93 *3s9 3391 £aeao 3397 1y31a A1ea0 43Ty Jy319M yidusg uswioadg
183071 A31puns A3Tpund Ha04
-9 *1syg -3 *3s8%

(*3uod) §Z °IqBL



-112-

Table 29.-—Mean fecundity and range for each age group of 35 American shad from
offshore North Carolina, March 1971 '
\ v

Number )
Age ‘ of fish Mean fecundity Fecundity range
4 1 241,174 ' 241,174
5 6 258,343 197,323 - 347,475
6 19 270,997 218,883 - 373,530
7 5 282,186 - 243,592 - 336,452
8 , 2 260,819 245,583 - 276,055
9 2 372,539 287,547 - 457;536

35 : 281,137 197,323 - 457,530
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Figure 38.—Fecundity - fork length relationship for 43 American shad;
offshore North Carolina, March 1971. '



-11l4-

F = 1.13 x 157 W+ 7.34 x 10%
r = 0.55 :
£ = 4.02
df = 41
5
4 L
Lﬁﬁ
(@]
—
»
[y 3 L
e
&
-~
o
=
=}
(4]
1]
o
2 -
.
| L '

1.5 2'0 2.5

Weight (kg)

Figuré-39.-—Fecuhdity - weight relationship for 43 American shad,
offshore North Carolina, March 1971.



-115-

F o= 1.74 x 10* A + 1.73 x 107
r = 0.34
t = 2.07
df = 33
S+
4
mﬁ
g
%
>\ 3 o
4
o
T
g
3
&)
X
2
2 L
1
| l { | |
2 4 6 8 10
Age (yrs.)

Figure 40, —Fecundity - age relationship for 35 American shad, offshore
North Carolina, March 1971
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ova per gram for every ovary, then multiplying that value by the weight of the
respective ovaries. The éstimated fecundities of the right and left ovaries
were then added to obtain the total estimated fecundity.

when the total estimated fecundity values obtained by the two methods were
compared, no significant difference was found for striped bass; however, a sig-
nificant difference was found for American shad.

The fecundity method for American shad used in this study is thought to be
better than Lehman's (1953) method as modified by Davis (1957) because it takes
into account differences iﬁ size between the two ovaries of a given fish. The

'smgller ovary will generally have a gfeate¥.nﬁmber of ova per gram (58.8 percent
of the time), and the larger ovary generally contains more ova (88.2 percent of
"the time). Thus, the number of ova contained in any ovary is more a function Qf
the size of the ovary rather than a function of the ova size.

The method used by Lehman (1953) as modified by Davis (1957) generally
results in higher total estimated fecundities than the method used herein. When
a mean is computed for the number of ova pér gram of two ovaries which are dif-
ferent in total weight, and the combined total weight of the two ovaries is mul-
tiplied by the mean number of ova per gram, thé result will be considerably high.
For example, American shad #33 (Table 28):

Right ovary: Weight in grams - 58 Left ovary: Weight in grams - 81
# ova per gram -2328 : # ova per gram -1883

Lehman's method (1953 modified by Davis (1957):
139 grams (total weight of both ovaries) 2106 (mean number of ova per grém =

292,734 (total estimated fecundity).

The mechod used during the present study:

58 grams = total weight of right ovary
81 grams = total weight of left ovary
2328 = number of ova per gram for right ovary
1883 = number of ova per gram for left ovary
135,024 = total number of ova in right ovary

152,523
287,547

total number of ova in left ovary
total estimated fecundity

o
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As mentioned above, when the total estimated fecundity values obtained by
the two methods were compared for striped bass, 50 significant difference was
found. One can see from Table 26 when the numbers of ova per gram of each ovary
are compared for striped bass, the differences are neglibible even for those
striped bass captured during November (long before the spawning season) which
had much higher ova per gram counts than fish captured nearer the spawning
season.

The low fecundities of American shad found during the present study sug-
gests female American shad sampled along the North Carolina coast were probably
moving north to spawn in the New York-New England area rather than in North
Carolina waters (Davis 1957). This supposition is further strengthened by exami-
nation of the scales of these fish, 77 ?ercent had_spawned previously, a phenomenon

most commonly encountered in shad spawning in North Atlantic tributary rivers.

Sex and Female Maturity - Offshore

Random samples of 102 striped bass, 52 American shad, 362 blueback herring,
and 72 alewife were taken from trawl catches and examined for sex and female ma-
turity. Females were examined for maturity according to appearance of ovaries
in the body cavity, a method similar to that used by Higham and Nicholson (1964)
for menhaden. They géve five stages (I-V) ranging from immature (Stage I) to
spent (Stage V). The>arbitrary stages of maturity assigned in the field were as
follows:

" Stage 1 - Ovaries small, occupying only a small fraction of the body
cavity. Ova invisible to the naked eye.

Stage Il - Ovaries occupying about one-third to one-half of the body
cavity. Ova invisible to the naked eye.

Stage 111 - Ovaries occupying about two-thirds of the body cavity.
Ova visible through ovarian membrane.

Stage IV - Ovaries occupying about three-fourths or more of the body
cavity. Ova readily separated from the follicles when the
ovarian wall is pressed (ripe).



-118-
Stage V - Ovaries flabby, bloodshot, and occupying less than one-
half of the body cavity (spent).
All females examined for maturity contained ovaries classified as.Stage I,
Stage IL, or Stage IIl in maturity. Females dominated the striped basé, Ameri-
can shad, and alewife samples and male bluebacks dominated the blueback sam- -

ples. Results are summarized in Table 30.

Sex and Female Maturity - Chowan River at Tunis

Random samples of 542 blueback herring and 387 alewife were fakeﬁ from a
series of seven pound nets on Chowan River at Tunis and examined for sex and
female maturity. Samples were taken weekly.

Male blueback herring dominated samples from 21 March 1971 ‘through 6 April
1971. However, sampling conducted on 14 April 1971 indicated the ratic of
males to females had almost approached an equilibrium, with females dominant
(527). This was also the beginning of the pgak spawning period for blueback
herring, as reflected by percentages of ripe versus spent females. Beginning
14 April 1971 females dominated the samples and continued to do so until sam;
pling was terminated. All females examined were either ripe or spent.

The same pattern is also indicated for alewife., Fishermen were cutting
females for’roe during the second and third weeks in March, and unculled sam;
ples were not available. All females examined were either ripe or spent. Re-

sults are sﬁmmarized in Table 31.

Fishing Among the Foreign Fleet

Tows were made among the foreign fishing fleet during Febrﬁary and March
1971. Oﬁe 40-minute tow was made on 15 February, sixteen miles east-socutheast
of the Virginia line, and 15 miles off Currituck Beach among 15-20 foreign fish
ing vessels. Two 30-minute tows were made on 16 and 17 Maréh, 20-25 miles east

of Currituck Light House among four East German vessels. Also, one 30-minute
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tow was made 55 miles east-southeast of Cape Henry, Virginia, amid 45-55 foreign
trawlers and three foreign factory ships. The composition of the four tows made
amoné the foreign fishing fleet is summarized in Table 32.

On 16 and 17 March an Irish three bridle- trawl was used, and on 15 Febru-
ary a #41 Yankee trawl was used (Figures 5 and 7). The Irish three-bridle trawl
appeared to be similar in design.to the gear of the foreign vessels; however,
the #41 Yankee trawl is smaller but more durable than the Irish three-bridle
trawl.

A total of 346 blueback herring, 24 alewife, and 2 American shad were
tagged and released in areas where a foreign fleet was fishing. As yet, no tags
have been returned. 1In addition, 107 blueback herring apd 18 élewife were saved
for detailed biological analyses. The aralyses indicated that 45 percent of
the fish caught on 15 February were immature (Stage 1, see 'Biological Studies -
Sex and Female Maturity” p. 117). Also, blueback herring averaged 20 milli-
‘meters smaller than the mean length for all blueback herring offshore North
Carolina. This indicates the foreign fleet was catching immature fish on 15
February 1971. 1In the other samples, herring averaged about the same size and

degree of maturity as the total offshore sample of herring.

Results of Preliminary Albemarle Sound Sampling

The primary objective of this preliminary inshore anadromous fish investi-
gation was to determine the feasibility of surface (5-ft.plankton net with 1 mm
mesh), midwater (experimental 3-bridle trawl), and bottom (shrimp and crab trawls)
sampling gears for collecting anadromous species in the Albemarle Sound and its
tributaries. It was anticipated that gear, methods, and techniques for sampling,
developed during this preliminary investigation, would be utilized in an expanded

research effort on anadromous fish to be initiated upon completion of this study.
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Since sampling was conducted only during the last month (June 1971) of
the final segment, no attempt was made to differentiate between the effective-
ness of different gears. Trawling was often difficult because of numerous
"hangs" consisting of stumps, logs, and broken-off and abandoned net stakes.
However, 26 successful sampling stations were established and 32 samples were
obtained in the Albemarle Sound and its tributaries (Figure 4).

For purposes of this report, Albemarle Sound is divided into eastern and
western portions with the dividing line running from the west side of Perquimans
River on the north, to the east side of Scuppernong River on the south (Figure 4).
Samples taken in the mouths of rivers are considered to be from the sound rather
than from the rivers.

Anadromous species appeared in sémples of both eastern and western Albe-

: marie Sound and all its tributaries except Scuppernong River.

Striped bass (140 to 266 mm) were taken in samples of both eastern and
western Albemarle Sound and Perquimans, Little, Pasqudtank, and Alligator Rivers.
American shad (juveniles) were taken in eastern Albemarle Sound and North River,
One juvenile hickory shad was taken in Roanoke River. Blueback herring (juve-
niles) were taken in Little and North Rivers and alewife (juveniles) were taken

in Chowan and North Rivers.
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SUMMARY AND CONCLUSIONS

Offshore North Carolina

Between 1 February 1968 and 1 July 1971, 1,038 trawl stations ranging in
depth from 3 to 300 fathoms were taken by the R/V Dan Méggg between Cape Roman,
South Carolina and Cape Charles,_Virginia.

- Anadromous fishes totaling 9,734 were collected: 2,541 adult étriped bass,
466 American shad (374 adults and 92 juveniles), 48 adult.hickory shad, 4,104
blueback herring (3,711 adults and 393 juveniles), 2,375 alewife (2;202 adults
and 173 juveniles), 190 Atlantic sturgeon and 10 shortnose sturgeon.

Striped bass and a few hickory shad were captured between Cape Lookout and
the North Carolina/Virginia border. Blueback ﬂerring were captured from Beaufort
Inlet to Cape Charles, Virginia. American shad and alewife were scattered from
Hatteras Inlet to Cape Charles, Virginia. Atlantic sturgeon were captured mostly
from Cape Lookout to the North Carolina/Virginia border with a few caught off
Wrightsville Beach and Beaufort Inlet.

Striped bass were limited to depths of 10 fathoms and less. A few American
shad were caught between 83 and 129 fathoms. .Most American shad, hickory shad,
blueback herring, and alewife were limited to depths of 20 fathoms and less.

Definite seasonal differences in abundance were noted in the ocean off
North.Caroliné. Anadromous fishes.were most abundant from December through Mafch.

Fork length-frequency distributions were plotted for striped bass, Aélantic
sturgeon, American shad, blueback herring, and alewife.

Random samples of striped bass, Atlantic sturgeon, blueback herring and
alewife were weighed and measured. Curvilinear regressions expressing length-
weight relationships are presented for each of these species.

Ages of 290. striped bass, 134 American shad, 76 blueback herring, and 50

alewife ranged from 2 to 15, 2 to 11, 2 to 8, and 4 to 8 years old, respectively.



-125-

Curvilinear regressions expressing the age-length relationships were calculated
and plotted for each of these species.

Striped bass apparently develop an annulus from late October early Novem-
ber to late December early Jénuary. The peak annulus formation probably occurs
in early December.

A total of 3,147 anadromous fishes was tagged. As of 1 November 1971, no
tags had been returned from any of the 1,204 clupeids tagged. The recovery rate
for Atlantic sturgeon was 8 percent, and tag returns indicated a southward coastal
movement from November through January and a northward coastal movement after
January. -The recapture of 197 striped bass indicated striped bass overwinter-
ing off the North Carolina coast enter Pamlico and Albemarle Sounds, Chesapeake
Bay, and move northward along the Atlantic coast to Maine during the spring and
summer. |

The mean monthly total and fishing mortality rates for the 1968 through
1971 fishing season were 24,3 and 3.6 percent, respectively. When the mean
monthly fishing mortality rate was projected for a period of twelve months, an
annual mortality rate of 35 percent was calculated. This percentage appears to
be a better eétimate of the annual harvest rate than the 11.2 percent "exploita-
tion rate" determ;ned from tag returns. |

Stomach analyses of 102 striped bass indicated stripec nass remain active
and opportunistic feeders during the winter, feeding on a variety of fish and
invertebrates. Stomach analyses of 45 adult American shad revealed tﬁey not
only eat fish, but, on occasion, eat fish to the extent that they can be consi-
dered a major fcodvitem. Stomach analyses of 15 juvenile.American shad revealed
anchovies, a food item rarely encountered in such fishes.

Fecundity was determined for 35 striped bass between 7 and 13 years old.

Total estimated fecundities ranged between 614,243 and 4,057,059. Linear
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regressions expressing weight-fecundity, fork length-fecundity and age-fecundity
relationships were calculated and plotted.

Examination of the gonads of stripea bass, American shad, blueback herring
and alewife.reveaied a predominance of female stripéd bass, American shad, ale-
wife, and male blueback herring in the ocean off.North Carolina. Ovaries of fe-
males ranged from immature to maturing. None were ripe or spent.

Sampling among foreign fishing vessels revealed that the East Germans

and others were taking anadromous fish off the North Carolina coast.

Albemarle Sound and Tributaries

Fork length-frequeﬁcy distributionswere plotted for male and female blue-
back herring and alewife on the Chowan River at Tunis,

Random samples of blueback herring and alewife taken at Tunis were weighed,
measured and sexed. Curvilinear regressions expressing the length-weight rela-
tionships, by sex, were calculated and plotted for eéch of these spécies.

Scale analyses of 40 male and 26 female alewife, taken at Tunis, indicated
these fish ranged from 3-8 and 4-8 years old respectively. Scale analyses of
36 male and 32 female blueback herring téken at Tunis indicated these fish
ranged from 4-7 years old. Curvilinear regressions expressing the age-length
relationships were calculated and plotéed by sek.

Examination of gonads of blueback herring and élewife revealed males were
dominant before the spawning peak. A near equilibrium was indicated during
the spawning peak. Females were dominant after the spawning peak. Ovaries of
femaies ranged from ripe to spent.

Twenty-six successful sampling stations were established in the Albemarle
Sound and its tributaries. Anadromous species were taken in all areas sampled

except the Scuppernong River.
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MANAGEMENT IMPLICATIONS

Results presented herein indicate a large population of overwintering
"jumbo" striped bass afe available to the North Carolina oceanic trawl fishery.
At the present time, this resource is largely unexploited except for those fish
caught by New England sports fishermen after the spawning season. The majority
of North Carolina trawlers apparently are incapable of fast towing speeds with
gear suitable for taking significant numbers. Thevexception is a recently in-
troduced fishing method called "pair trawling', wherein two trawlers tow one
large trawl between the two boats at higher than normal rates of speéd. An ex-
ample of the incapability of most commercial fishing trawlers was demonstrated
by the R/V Dan Moore. With efficient gear and greater towing speeds, the vessel
caught commercially significant quantities of ''jumbo" striped bass (mostly large
females with roe) while fishing among commercial trawlers taking few or no
striped bass.

With anticipated developments in increased efficiency of gear and fishing
methods, the '"jumbo" striped bass population overwintering off the North Carolina
coast could be exploited to the extent that the sports fishery for this species
from North Carolina to Maine could be seriously endangered. The desirability of
encouraging an increased commercial effort on large striped bass is questionable.
Consideration of uniform regional regulations (North Carolina to Maine) regard-
ing this population of large striped bass appears desirable. 1In addition, an
increased effort to obtain reliable catch statistics on a regional basis is
necessary to determine if this population of large striped bass is being har-
vested at or near a sustained level. {

It appears the majority of these large striped bass are females. 1If catch
statistics show a continual decline, drastic measures would be required imme-

diately to afford protection to this valuable resource.
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Striped bass tagged while overwintering off the North Carolina coast were
recaptured from North Carolina (Albemarle and Pamlico Sounds) to Maine. Simi-
larities between offshore and Chowan River samples of river herring were also
fouﬁd. More definite tagging programs will be required on anadromous species in
Albemarle and Pamlico Sounds during the fall and spring (after the spawning run)
to determine to what extent anadromous fish in these areas actually contribute
to Atlantic coast (offshore) populations. More definitive tagging and biological
studies, such as species and year class composition and mortality, should be con-
ducted on river herring offéhore and in the various estuarine waters of North
Carolina to determine to what extent those fish found offshore contribute to
North Carolina and other populations along the Atlantic coast. Similar work
should be done on American shad to bétter define the relationships of the off-
shore and inshore stocks.

Since it was determined that foreign fishing vessels were taking ana-
dromous fish off the North Carolina coast, a continued monitoring effort to
determine what effects, if any, this fishing pressure may be having on domestic
catches in North Carolina estuarine waters will be required. Major efforts

should also be expanded in gear research to accomplish this objective..
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